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ABSTRACT

This thesis analyzes the current management information systems in place at Silas
B. Hays Army Community Hospital with in depth research into the hospital’s largest
department, the Department of Family Practice and Community Medicine. The findings
of the research indicate these systems are not meeting the needs of department
managers within the hospital. This thesis contains a requirements analysis for an
improved information system for the department. The process of identifying the
targeted users, selecting the appropriate development methodology, and identifying the
user’s information requirements is discussed. The value of the information required by
the department manager, both in content and format, is examined. The requirements
analysis is based on a combination of systems development life cycle and prototyping
methodologies for information systems development and can be used to design,
construct, and implement an information system for the targeted department. The
requirements analysis can also be used to study the expandability of the proposed
information system to departments throughout Silas B. Hays Armmy Community
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I. INTRODUCTION

A. BACKGROUND

Silas B. Hays Army Community Hospital (SBHACH) is a large, full service
medical department activity (MEDDAC) providing health care to active duty, retired,
and dependent personnel living in and around Fort Ord. The MEDDAC also provides
regional medical services to personnel from Hunter Liggett Military Reservation,
Presidio of Monterey, Sacramento Army Depot, United States Naval Postgraduate
School, and the Sharpe Army Depot. SBHACH’s annual operating budget is over seven
million dollars and in fiscal year 1988, over 460,000 patients were treated. The
hospital consists of 13 major medical departments which provide inpatient and
outpatient service, major surgical services, military medical support, and veterinary
service. In addition, SBHACH is a teaching hospital for Army doctors and provides
occupational health to civilian employees. The goal of SBHACH is to provide its
patients with the best medical care possible.

The quality of the medical care provided depends on factors such as the quality
of the hospital personnel and the effective use of available resources, e.g. personnel,

money, time, and medical supplies. Another factor, the efficient use of resources,

indirectly affects the quality of care provided because this factor will determine the
continued availability of the resources. One of the biggest obstacles SBHACH faces

in trying to reach its goal is the limited resources with which it must operate.




SBHACH doctors and administrators must constantly deal with resource
constraints. They are continually searching for more efficient and effective resource
management to d=al with these constraints while, at the same time, improving the
quality of care provided to the patients. In searching for the balance between cost
efficiency and quality of care, hospital administrators are tuming to information
systems, both automated and manual, in the belief that better information will help

them operate more cost effectively.

B. PURPOSE

The purpose of this thesis is to study the current management information systems
in place at Silas »». Hays Army Community Hospital and determine if these systems
are meeting the needs of department managers within the hospital. In identifying the
requirements of key department decision makers, we will propose improvements to the
information system where the current system fails to meet the department manager’s
needs. Ultimately, the thesis will provide a design for an information system which will
meet the needs of department decision makers more effectively and efficiently than

current systems.

C. SCOPE

Due to time limitations, the research did not encompass the entire hospital
operation. Therefore, after initial interviews and some detailed study, one department
was selected based on its high volume and overall impact on the hospital. The
department chosen for the research was the Department of Family Practice and

Community Medicine (DFPCM). The DFPCM is one of the 13 major departments




within SBHACH and serves nearly S3 percent of the hospital’s patients. An additional
motivation for limiting the scope of the research was the increased depth of the
analysis and design of an information system that would otherwise be possible.

In addition to the direct study of the DFPCM, it was necessary to conduct
research in the many supporting units which influence the department’s overall ability
to function. The following support divisions were contacted during the course of
research:

* Resource Management Division

e Information Management Division
» Ciinical Support Division

* Department of Nursing

» Logistics Division

e Personnel Division

+ Patient Administration Division

D. METHODS AND ORGANIZATION

The thesis research followed the information systems development life cycle
described in the first two sections of Chapter II. Chapter IT discusses the theory of
information systems and the analysis and design of such systems. The last section of
Chapter II introduces the application of information systems to health care. Research
was conducted to discover the history, current status, and future of hospital information
systems (HISs) and the critical nature of these specialized systems.

The DFPCM organization and functions are described in detail in the first section

of Chapter IIl. Section 2 of Chapter Il discusses the results of the current systems




analysis. Data Flow Diagrams (DFDs) are introduced in Chapter IIl. DFDs
diagrammatically portray the current information systems within the DFPCM.

Chapter IV covers the requirements for improving the existing information
systems within the DFPCM and how these improvements can be accomplished using
an automated information management system. The findings in Chapter IV are a direct
result of the analysis conducted in Chapter IIl and described what is necessary for the
information system to meet the needs of the department managers.

The detailed systems requirements analysis is presented in Chapter V,
incorporating the functional requirements and alternatives selected in the previous
chapters.  User Concept Diagrams (UCDs) are introduced in Chapter V to
diagrammatically portray the proposed information systems for the DFPCM. The
requirements analysis, as described in the chapter, is for the DFPCM alone. This
analysis can be used to design and implement a management information system for
this department, or with additional study, may be expandable to other clinics within the
hospital.

Conclusions and recommendations resulting from this thesis are given in Chapter

V1. Chapter VI also suggests directions for further research work.




II. INFORMATION SYSTEMS

A. INTRODUCTION

This chapter introduces the concepts of an information system and the systems
development process and discusses the impact of information systems within a hospital
environment.

Section B, System Design Concepts, describes the information systems
development methodologies used in the thesis to design the information system for the
Department of Family Practice and Community Medicine. The process of selecting the
most appropriate system development methodology(ies) is also examined.

Section C, Hospital Information Systems (HISs), describes the critical nature of
the hospital organization and it’s impact on the role of information systems within the
hospital environment, both historically and in the near future. Also presented in

Section C is a description of the information systems currently used at SBHACH.

B. SYSTEM'S DESIGN CONCEPTS

An information system has been described as a collection of human,
computerized, and mechanical agents that work together to acquire, produce, handle,
store, use, and disseminate information (Lockeman, 1986, p. 617). Information systems
are meant to support the day to day operations, management, and decision making
needs of an organization. An effective information system does not necessarily have
to be automated. Information systems exist, with or without automation, because

workers within the organization require some sort of a system to collect, process, and




exchange the information they need. When automation is deemed necessary and
properly designed, it can provide the organization with an increase in both the
efficiency and effectiveness of operations. (Whitten, Bently, and Ho, 1986, p. 40)

There are four important considerations in the development of an effective
information system. First and foremost, the system must be designed to serve the
needs of the users. The analyst has a responsibility to provide the user with a product
that is both useful and correct. Secondly, the analyst should understand the
organization’s mission to build the system to effectively support that mission. Thirdly,
information systems provide one or more of the three information functions depicted
in Table I. The analyst must determine which of these functions the system should
support and how the information system will fit within the organization to fulfill those
functions. Lastly, the system’s components, as depicted in Figure 1, should be
designed to harmoniously work together to support the system’s intended purpose
within the organization. (Whitten, Bently, and Ho, 1986, p. 692) This requires the
analyst to systematically analyze the data inputs, data flows, processes, and information
outputs. (Kendall and Kendall, 1988, p. 6)

Table 1. INFORMATION FUNCTIONS

Data Processing Systems
Processes large amounts of data for routine organization
transactions.

Management Information Systems
Provides periodic reports for planning, control and decision making.

Decision Support Systems
Supports daecision makers by providing information on demand.
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« Computer equipment or Hardware. information systems may include a variety of hardware
components, including copiers, calculators, and computer systems.

« Computer Programs or Software. A system is a mixture of programs that either control the
computer or provide applications to the users.

+ Users (Knowledge workers) are the most vital part of the information system's components.
They are the centrai theme in any design methodology.

« Methods and Procedures. Methods refer to how the systemn works whereas procedures
describe how to perform the job and how to make decisions.

« Data Storage. This is a fundamental component of the system. This is the raw data that must
be accessed to process into useful information.

« Internal Controls. Feedback and controi are system concepts that must be added to any
system to ensure its proper operation.

Figure 1. Information System Components (Whitten, Bently, and Ho, 1986, p. 692)




Prior to attempting the design of an information system, the systems analyst
must choose a design methodology which will best meet his or her needs and the
user’s needs. This selection process and a description of the methodology used in this
thesis is described in the following sections.

1. Systems Development Life Cycle Methodology

System development in the late 1960s' was often behind schedule, over
budget, expensive, and poorly suited to the users’ requirements. As a result, the early
system designers developed a set otlstructured methodologies to make the development
process more orderly and manageable. The emergence of structured methodologies
provided the analyst with a welcome escape from the haphazard approaches used to
develop the requirements, specifications, and programs used in the early design models
(Ceri, 1982, p. 208).

As the structured approaches became accepted as a viable systems design
alternative, more analysts began to perceive that the structured methodology could even
be further improved with the inclusion of a life cycle within the model. This enhanced
structured approach, dubbed the Systems Development Life Cycle, was used by these
analysts to bring together all of the already proven systems design techniques with the
successful project management techniques. This system development life cycle
methodology emerged as the most preferred method of all of the system design

methodologies. (Wassermann, 1984, p. 44)

' This continues to be the case in the eighties.




Figure 2 portrays the Systems Development Life Cycle methodology. This
approach provided several significant advantages over the non-structured approaches and
the early forms of the structured methodologies. This design approach gave the systems
analyst a better understanding of the user’s requirements while the increasing the user’s
comprehension and participation in the design process. (Willis, Huston, and d’Ouville,
1988, p. 56) Users also tended to be a lot more satisfied with the final outcome of a
system designed using this methodology. Information systems designed using this
methodology were also found to be more flexible and maintainable then the early
approaches. (Sumner and Sitek, 1986, p. 235)

As Figure 2 shows, the life cycle begins with a project development request.
Before a more detailed systems study is started, the systems analyst surveys the
problem, opportunity, or directive that initiated the request. This survey is used to
determine whether o: not significant resources should be committed to the project. If
the system development is approved, the development enters the first major phase of
the SDLC, the study phase. The goal of the study phase is to educate the analyst about
the current system, thus allowing the causes and effects of the problems to be
discovered. This type of analysis is presented in Chapter III of this thesis.

The next phase, the requirements phase, is the most critical of the life cycle
phases because it provides the foundation for all subsequent phases (Willis, Huston, and
d’Ouville, 1988, p. 56). This phase is concemned with the analyst understanding the

problems found in the study phase and describing them in terms of the activities, data,




information flows, relationships, and system constraints necessary to solve the problem

(Ceri, 1982, p. 205). This type of analysis is presented in Chapters IV and V of this

thesis.

. .Survéy‘

gk W
-2 Study -4
. Current .
i System

Feasibility Survey

the .
Situation

[N 2TV

Problem
Statement

Proicct
Reguest
Facts
Requirements Statement
Requirements
— w
Start se——
Evaluate *
. Alternative
Opintons . Solutions
Knowledge s -
Workers
Technical
A Opinions Solution Y
—
Finish [ Select New
S E— Configuration ‘Computer
- .Equipment .
( 7 cand et/
User - Software *
Training
Proposals
Ncw .
Information 3 De;xgn__)
System pecifications
PP |
Construc} |/
« .°"New 7~
System

Figure 2. Systems Development Life Cycle.

10

Request
for
Proposals

|

Vendors




The evaluation phase looks at how the new system should be developed. The
analyst must seek out all possible solutions to the problem and generate a set of
alternative proposals to solve the problem. Each alternative is then evaluated on
technical, operational, and economic feasibility. The outcome of this phase should be
a technically feasible solution. (Whitten, Bently, and Ho, 1986, p. 149)

If this solution calls for new hardware or software, the selection phase
becomes necessary. During the selection phase, the analyst determines which system
specifications are important for the equipment or software required for the new system.
Proposals are then developed and sent to vendors. Once the vendors’ proposals are
returned, the systems analyst selects the hardware and software configurations that best
meets the project’s needs at the most reasonable cost. (Whitten, Bently, and Ho, 1986,
p- 151)

Given the user requirements, a feasible solution, and the hardware or
software configurations from the selection phase, the analyst can now design and
construct the information system. Computer outputs are normally designed first,
followed by files/databases, and subsequently the user inputs and terminal dialogues.
The design phase is where system controls, as implemented in methods and procedures,
first enter the developmental life cycle. The deliverable of this phase is the completed
design specification and the preliminary procedures necessary for the construction of
the new system. The construction and design phases are frequently the most time

consuming and tedious phases, particularly if the requirements are incomplete or do not

11




reflect the actual user’s requirements. Finally the system is delivered, the users are
trained, and the system enters the maintenance phase. (Whitten, Bently, and Ho, 1986,
pp. 151-155)

Throughout the various phases, the analyst is collecting facts, documenting
the system, presenting ideas, and reevaluating the feasibility of the system. All of the
phases of the system development life cycle are not discreet and distinct phases. Figure
3 illustrates how each phase can overlap within the life cycle. (Whitten, Bently, and
Ho, 1986, p. 157) As a life cycle model should indicate, the process will begin again
as new project requests are generated, the organization evolves, or the system once

again fails to meet the user’s requirements.

Activity

Survey the Situation —
Study the Current System | e |
Define User Requirements ———
Evaluate Alternative Solutions —
Select New Computer

Equipment and Software ——
Design the New System ———

Construct the New System —

Deliver the New System I —
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Figure 3. Overlap Opportunities within the Systems Development Life Cycle. (Whitten,
Bently, and Ho, 1986, p. 157)

In spite of the large number of structured methodologies available, this type
of systems analysis is not widely used (Sumner and Sitek, 1986, p. 235). Today, only

about ten percent of the data processing organizations in North America practice

12




structured techniques in a disciplined fashion even though 90% of the community is
at least superficially familiar with the basic concepts (Yourdon, 1986, p. 133).

Prior to selecting the use of one of these methodologies in our thesis, a
closer look was taken to determine why these methodologies, so often taught at
universities, were not being used. Yourdon explains that there are many reasons for this
reversal in the attitudes toward structured analysis. He felt that the primary reason for
this reversal was the frustration of analysts over the amount of manual labor required
to develop systems using the structured methodologies. Analysts in a real business
environment did not have the time to do the time consuming requirements
documentation necessary for the requirements analysis when there was a large backlog
of projects awaiting development. The analysts also became increasingly frustrated
with the inability to apply these methodologies to complex, real-time systems.
(Yourdon, 1986, p. 133) Additionally, many systems analysts were not trained in the
use of the methodologies and tools and were unsure as to which tools could be
effectively used within the phases of the life cycle (Ceri, 1982, p. 208). One of the
major reasons for this reversal of attitudes was the development of the prototyping
methodologies discussed in the following section. Many analysts were lured away
from the structured approaches to systems development by the promise that prototyping
could be used to interactively design and progressively tune the systems design without
the rigorous requirements of the structured approaches (Ceri, 1982, p. 208).

Too often, even though the structured techniques were used, the end result
was a better design that still did not meet the users’ needs. Because of the time lag

between the analysis and implementation phases in the structured methodology, the

13
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users’ environment changed even after the system’s requirements were set in the
requirements and design phases. The users also had difficulty communicating their
requirements to the analyst. Senn points out "users can point to features they like or
dislike in an existing system more easily than they can describe them in an imaginary
or proposed system.” (Senn, 1987, p. 611) These observations led to the conclusion

that a better design methodology was needed to meet system development requirements.

2. Prototyping Methodologies

Information systems analysts saw the need for an improved design method.
They felt that any systems development approach required the concurrent learning of
both the analyst and the users. During the requirements phase, the major functions of
the analyst are to help users formalize their tasks and decision processes, ensure that
the users leam the analyst’s modeling techniques, and help the users understand the
scope of the project (Cerveny, 1987, p.98). The structured methodologies simply did
not fulfill this requirement. Recent developments in computer technology, primarily the
introduction of user friendly code generators, allowed the systems analysts to develop
a better approach to the systems development process. This new approach, prototyping,
was designed to alleviate some of the problems that concerned the systems analysts
about the traditional approaches. (Willis, Huston, and d’Ouville, 1988, p. 57)

The concept of prototyping is not new. In engineering, prototyping has long
been a standard for developing and testing new products and systems (Scharer, 1983,
p. 60). Prototyping was not designed to replace the systems development life cycle.
Instead, prototyping enhances the life cycle by promoting the mutual leaming processes

between the analyst and user (Cerveny, 1987, p. 68, 103). Prototyping uses the power

14




of demonstration to enable the user and the analyst to literally see their specification
in action (Scharer, 1983, p. 60). Prototyping has the following significant advantages
over the traditional structured methodologies:

¢ Gets the user more actively involved in design and development.

* Provides the user with a tangible means of comprehending and evaluating the
proposed system.

* Achieves more meaningful user feedback in terms of their needs and
requirements.

¢ Develops better relationships between systems analysts and user groups.

¢ Results in fewer post implementation changes, resulting in lower maintenance
costs. (Kroenke, 1987, p. 157)

» The system that had been prototyped could be developed in one quarter of the
time required of the structured methodologies. (Willis, Huston, and d’Quville,
1988, p. 58) (Harrison, 1985)

The main benefit of using a prototype methodology is the development of
an information system that more closely fits the needs of the organization. Prototyping
also reduces the risks involved with the development cycle by getting the system into
operation quickly and keeping the system simple. (Cerveny, 1987, p.57) Prototyping
is not superior to the traditional methods in all cases. Table II depicts the factors that
favor either the traditional or prototype methodologies.

Figure 4 depicts the modified systems development life cycle where
prototyping techniques have been integrated into the life cycle. After the users have
specified their needs, the analyst can then demonstrate how the proposed system can

meet those needs. Design by prototyping consolidates the requirements definition,

design, and construction stages of the typical system development life cycle discussed
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earlier. These three activities take up approximately 60 percent of the manhours
required for a system study. Consequently, prototyping yields a net saving in effort
when it is utilized in the design of information systems. (Willis, Huston, and d’Quville,
1988, p. 58)

Table II. FACTORS FAVORING ALTERNATIVE DEVELOPMENT METHODS
(Willis, Huston, and d’Ouville, 1988, p. 58)

Project Characteristics of Alternative Development Methods

Factors Favoring Traditional Systems Development
* Data needs are clearly defined.
» Systems have long life expectancy.
* Tight controls are required.
» Development risks are clearly defined.
» Essential system features are known in advance.
» Operational characteristics are well understood.

Factors Favoring Prototyping
* User requirements are uncertain.
* Procedure changes are extensive.
» User environment is volatile.
» System has relatively short life expectancy.
» System needs to be operational in short period of time.
» Changes in specifications are anticipated.

The construction of a prototype model requires that the systems analyst
follow the six basic steps listed in Table III and described below.

Table I1I. STEPS IN PROTOTYPE DEVELOPMENT (Willis, Huston, and d’Ouville,
1988, p. 57)

Prototyping Design Steps

Select an appropriate application.

Identify basic needs.

Develop the working model.

Refine the model and system interface characteristics.
Implement revisions and enhancements.

Prepare prototype documentation and plan for development.

onbpnA
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Figure 4. Prototyping Systems Development Life Cycle
a. Step One: Select Appropriate Application
The first consideration for the systems analyst is to determine if the
system under development favors the prototyping design methodology. This
methodology is not superior to the structured approaches in all cases. The analyst takes
into consideration all the factors listed in Table II, Factors Favoring Alternative
Development Methods, the user’s environment, and the availability of prototyping tools
to determine if the system can best be developed with the prototyping approach.

(Willis, Huston, and d’Ouville, 1988, p. 58)
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The environment within the DFPCM favored the use of prototyping for
the following reasons:
¢ Uncertain user requirements.

* The environment was particularly unstable, subject to wide swings of personnel
availability and work procedures.

e The new system is needed immediately to meet the department’s expanding
role within the hospital.

¢ The system was expected to have a relatively short life cycle.

« Numerous changes were expected in the specifications, as reports, procedures,
and requirements for information appeared to be changing daily.

b. Step Two: Identify Basic Needs
The second step in prototyping involves getting a better understanding
of the problem or opportunity that was developed in the study phase. (Willis, Huston,
and d’Ouville, 1988, p. 59) The goal of this step is to develop enough of an
understanding of the problem to enable the design and construction of the initial
prototype model (Boar, 1984, p. 67).
¢. Step Three: Develop Working Model
The purpose of this step is to build the initial version of the prototype.
Screens and documents layout are defined, data records are specified, and other model
characteristics are established (Willis, Huston, and d’Ouville, 1988, p. 59). Content,
not presentation, should be the primary goal of this initial model (Boar, 1984, p. 69)
The analyst’s intent, in this stage, is not to come up with the perfect model but to
develop a model that best matches the user’s view of the problem. Quality is critical.

If the model is incomplete, it results in a poor foundation for the rest of the
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development cycle. The target time for delivery of the initial model, depending on the
prototype environment, should be three to six weeks. (Boar, 1984, p. 69)
d. Step Four: Refine Model and System Interface Characteristics
In this step, the system is refined so that each of the initial prototypes
tested earlier are now required to work together. The analyst’s goal in this step is to
immediately test new ideas to see what refinements will satisfy the majority of the
users. As users review this refined prototype and changes are made, the important
changes are documented for later reference. (Willis, Huston, and d’Ouville, 1988, p. 59)
e. Step Five: Implement Revisions and Enhancements
The objective of this step is to allow the users to review the
information system in as complete a context as possible. This review occurs after all
the changes and enhancements have been implemented and serves as the final
evaluation of the information system in the eyes of the user. (Willis, Huston, and
d’Ouville, 1988, p. 59) Except for minor problems, the prototype is essentially
complete.

Sf. Step Six: Prepare Prototype Documentation and Plan for
Development

This stage of the prototype cycle involves the completion of the
documentation for the system and the determination of the fate of the prototype. The
format and the extent of the documentation rests largely with the project manager. The
final decision is made conceming how the prototype should be used in the new system.

At this stage the analyst can go in three directions with the prototype.
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e If the implementation of this prototype is too expensive or infeasible, the
system can be abandoned.

» Depending on the analyst’s prototyping development tools, the prototype could
actually be implemented directly.

» As is the case with this thesis, the prototype could be used simply as a step
to another stage of the development process. The prototype provides the
analyst with a knowledge base for the design of the new system. (Willis,
Huston, and d’Ouville, 1988, p. 59)

The successful prototype clearly enhances the traditional approaches. It
is usually considerably cheaper, less risky, and conveniently keeps the system simple
from the user’s perspective. It’s primary advantage is that it allows the user to see the

application in its operational context and determine if the current design fits his or her

needs. (Willis, Huston, and d’Ouville, 1988, p.60)

C. HOSPITAL INFORMATION SYSTEMS (HIS)
1. The Critical Nature of Hospital Information Systems

The health care delivery system in a hospital environment is generally
viewed as an industry. This industry has seen major changes in recent decades due to
breakthroughs in medicine and technology. The cost of health care nationwide has
increased more than tenfold since 1950 to over $120 billion making health care one
of this nation’s largest industries (Rakich and Darr, 1978, p. 1). In addition to the
major changes taking place in the health care industry, the very nature of health care
delivery creates a complex organization for the hospital administrator. Rakich and Darr
suggest the hospital is one of the most complex organizations in existence based on the

characteristics discussed below.
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» There is a wide diversity of objectives and goals for different personnel and
subsystems (e.g., patient care, education, research, accommodations,
administration).

*» The diversity of personnel ranges from highly skilled physicians and
administrators to unskilled laborers.

» The hospital is in continual operation.
» Hospitals deal with life and death decisions.

» Measuring the major product (patient care) is difficult. (Rakich and Darr, 1978,
p- 1)

These often conflicting attfibutes can cause problems for hospital decision
makers. A dichotomy is created by the conflicting goals of the hospital’s two
components, management and operations, and becomes most evident and important in
an environment where societal pressures and legal implications conceming ethical
behavior are greatest. The non-medical management component (sometimes referred to
as "bean counters") measures efficiency, i.e., the maximum amount of output (hospital
services) for a given input (cost). The medical component (health care providers)
measures performance by the quality of care provided to the patient (Longest, 1978,
p- 125). This difference of purpose and objective will impact the manner in which
information is managed and used in the hospital environment. Figure 5 is a humorous
portrayal of the conflicts which exist between doctors and administrators when
considering the use of computer resources (Covvey and McAlister, 1980, p. 141).
However, the consequences of such conflicts are quite serious and play an important
role in the potential effectiveness of a hospital information system (HIS).

Another factor influencing the HIS is the complexity of the relationship

between the doctor and the patient. The ethics and responsibilities involved make
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doctors wary of new technologies and methods unless the benefits to the patients can

be proven. (Safir, 1978, p. 98)

COMPUTING
OBJECTIVES

ADMINISTRATION CLINICAL
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Figure 5. Conflicts

The complexity and significance of health care organizations described in the
preceding paragraphs creates a critical environment for a HIS. The conflicts which exist
have affected the use and advancement of HISs throughout their life span and continue
to influence the way in which hospital personnel view the quality and effectiveness of
the HIS. (Safir, 1978, p. 98)

2. HIS Environmental Overview

Early hospital information systems were developed primarily to support

hospital administration. Hospitals applied computer resources in conventional ways for

accounting and other business related administration. Computers were also used in
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medical research but were not generally considered suitable for directly supporting the
medical care given to patients.

Figure 6 (Covvey and McAlister, 1980, p. 137) shows three main areas
where medical computing can be applied in a hospital environment. The two large
circles represent the more traditional applications of computers in health care,
administration and research. The intersection of these circles represents the area of
medical computing related to the care provided to patients. This area overlaps both
medical research computing and administrative computing and is affected by the
conflicting objectives of doctors and managers discussed earlier. We targeted this area
of medical computing in our research and found a tremendous lag in the computer

technology applied to medical care delivery.

Hosptal Clinial
administration Medical computin
computing sarvice putng

computing Pursly medical

research computing

Pursly business
computing

Figure 6. Three Areas of Medical Computing
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Experts in both the medical and computer fields began to recognize the
medical computing lag in the mid-1970s and have made concerted efforts to catch up.
A Symposium on Computer Applications in Medical Care (SCAMC) has met annually
since 1976. In 1978, hearings were held before the Subcommittee on Domestic and
International Scientific Planning, Analysis and Cooperation to discuss the topic of
computers in health care. The reasons for the medical computing lag can be traced
back to the critical nature of the HIS introduced in the previous section. In 1978,
Aran Safir M.D. wrote:

...the complexity that characterizes human interactions is perhaps nowhere better
demonstrated than in the relationship of doctor and patient. Representing such
complex human interactions effectively within the computer is exceedingly
difficult. (Safir, 1978, p. 98).

In 1980, Covvey and McAlister found it was rare for hospitals to devote a
portion of its budget to data processing equivalent to that spent by most other
industries of comparable size (Covvey and McAlister, 1980, p. vi). The following
barriers to medical computing were suggested in 1985 by Bonnie Kaplan, Ph.D. at the
annual SCAMC symposium (Kaplan, 1985, p. 400):

» Lack of funding, technology, staffing, training, and effort.

* Poor management including difficulties of interdisciplinary teams, planning and
approach, and lack of attention to human factors and methodologies.

* Difficulty of translating medical knowledge into a form suitable for computing.
* Institutional constraints and physician resistance.
These barriers will exist to some degree in every organization. Many

hospitals are attempting to hurdle the barriers through improved communication and




cooperation between doctors and administrators. Large hospitals are moving toward a
HIS which integrates administrative, research, and medical service computing into one
complete system. An example of an integrated HIS is the University Hospital
Information System (UHIS), introduced in 1980 when the University Hospital at State
University of New York first opened its doors. UHIS offered a wide range of patient
care services including registration, medical records, automated lab data, quality control,
pharmacy, radiology and nursing (Vegoda and Dyro, 1986, p. 261).

The medical computing future shows a trend toward increased integration of
hospital information system functions like that described in the UHIS. The Yale-New
Haven Hospital began implementing the Patient Care Support System (PCSS) in 1986.
PCSS is expected to take several years to implement. When complete, PCSS is
expected to improve the quality of care rendered to patients by allowing physicians to
more efficiently and accurately order tests, lab work, and prescriptions. Medical record
tracking and results reporting is also expected to improve (Sadock, 1986, p. 114).

The Department of Defense’s answer to an integrated HIS is the Composite
Health Care System (CHCS) scheduled for completion in 1991. The objectives for
CHCS include: "improving the quality of patient care, increasing the efficiency of
operations, increasing the accuracy and availability of information, and providing
standardized, but flexible support." (Regional Training Conference Manual, 1988, p.
135). In 1988, a Regional Training Conference was held in Monterey, CA to update
attending medical professionals on military and other government medical information
system initiatives (Regional Training Conference Manual, 1988). One of the topics

covered at the conference was the planned implementation of CHCS. The following
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patient care benefits of the CHCS were cited (Regional Training Conference Manual,
1988, p. 140):

« Improved quality of care.

* Reduced time spent handling information.

¢ Improved management control of operations.

¢ Increased patient satisfaction.

e Increased compliance with standards and regulations.

e Increased service capacity with same staff levels.

e Improved personnel morale and job satisfaction.

Doctors and hospital administrators are trying to recover from the medical
computing lag which has continually plagued the industry. They are beginning to
realize the importance of quality information for providing high quality patient care.
Integrated HISs are the future for medical computing and, if properly used, will enable
the health care industry to provide better quality medical care.

3. Information Technology at Silas B. Hays Army Community Hospital

The current information technology at Silas B. Hays Hospital consists of
three major systems, the Medical Expense and Performance Reporting System
(MEPRS), the Automated Quality of Care Evaluation Support System (AQCESS), and
the Computer Stored Ambulatory Record System (COSTARS). These three systems are
completely independent and are maintained through separate government contracts. No
attempt has been made to link these information systems into one large database.
Because of the inherent incompatibility of the systems and the eminent arrival of the

Composite Health Care System, SBHACH administrators believe it would be cost
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prohibitive to attempt systems integration at this time. The next three sections describe
the basic function of each of these systems.
a. MEPRS

The purpose of MEPRS is to collect, process, and report to the Health
Services Command (HSC) all data on the medical workload, staffing, and expenses
incurred by each workcenter within the hospital (Regional Training Conference, 1988,
p.- 47). Each hospital department maintains various worksheets to record manpower
utilization and workcenter expenses. Each department reports the hours for clinicians
{doctors) and non-clinicians (all others) to the MEPRS section, a subdivision of the
Resource Management Division (RMD). Also recorded are the inpatient bed days and
the number of outpatient visits for each of the workcenters. This workload information
is maintained in both the AQCESS and COSTARS systems but because the systems
are incompatible, the data must be manually extracted from each of the systems for
entry into the MEPRS system. Direct expense data on such items as electricity and
water is received from the Fort Ord Finance and Accounting Office and manually
extracted by the MEPRS personnel and recalculated based on the square footage of
each departments’ assigned space. This expense information is then manually entered
into the MEPRS computer. Each month all hospital data is loaded onto a magnetic
tape and sent to the Health Services Command (HSC) at Fort Sam Houston, Texas.
The data is used by the HSC for determining funding allotments for Silas B. Hays.
The information maintained in the MEPRS system is not considered useful to the
department managers because it is not kept in a format consistent with department

resource measures.

27




b. AQCESS

AQCESS was introduced early in 1986 for all Department of Defense
Hospitals. The primary purpose of the system was to provide a standardized method
for the collection and reporting of patient and provider information and to assist in
quality assurance decision making for all military hospitals. AQCESS was intended to
improve the quality of the information provided to administrators, doctors, and quality
assurance personnel and to save hospital staff time. Initially implemented with three
main modules, AQCESS has since been expanded to six modules. All six modules are
in operation at Silas B. Hays:

1. Quality Assurance Module

2. Appointment and Scheduling Module
3. Medical Services Accounts Module
4. Clinical Records Module

5. Registration Module

6. Emergency Services Module

The Appointment and Scheduling Module affects each individual
department the most as it determines the daily workload for each doctor in the
department.

The AQCESS system is used to capacity. Although ad hoc reports can
be obtained by the users of AQCESS, only the system manager in the Information
Management Division (IMD) currently uses this function. The system is heavily used
during normal working hours for interactive appointment scheduling and clinical

records. To help keep system response time low during the day, all AQCESS reports
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are generated at night using batch processing. The AQCESS modules produce many
reports which show hospital operations and performance in many areas. Statistical
reports on workload, productivity, and appointment scheduling histories are just a few
of the topics covered.
¢. COSTARS

The COSTAR System is unique to the Family Practice Clinic at Silas
B. Hays Hospital. This system receives, records, and retrieves administrative and
medical information for the active duty families enrolled in the Family Practice
Program (Libra Technology, 1982, p. 2). This system was actually a prototype system
introduced in 1982 and initially had the five main functions described below:

« Registration - This function allows patients to be enrolled in the Family
Practice Program.

» Appointment and Scheduling - This function allows the COSTARS data entry
clerk to book, cancel, or view appointments. It also prints daily schedules and
appointment lists and produces a pull list for the medical records department
indicating which patients records will be required for the following day’s
appointments.

* Maedical Records - This functions maintains a history of a patient examination,
including administrative, physical, diagnostic and procedural data.

* Pharmacy Orders - This function was intended to provide full pharmacy
support by allowing prescription orders to be automatically forwarded to the
pharmacy. Records on pharmaceutical history were also to be kept for the
patients. Currently, only prescription refills are managed by this system.

» Laboratory Orders - This function permits physician orders for lab work to
be automatically sent to the lab before the patient arrives. Results are also
entered and a daily report is sent to the physician showing the patient and the
results of the lab tests ordered for that patient.

Like AQCESS, the COSTARS system maintains a large data base and

is capable of producing many reports. COSTARS also accepts ad hoc queries but none
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are currently being used. The pharmacy and laboratory functions offer capabilities not
found in AQCESS. As with the other major systems, we believe this system is not
being exploited to full advantage. This system, and the potential benefits of the data
maintained within it, are discussed further in subsequent chapters.

In addition to the three major information systems discussed above,
Silas B. Hays makes extensive use of microcomputers for office automation and
individual data processing functions. These computers are not currently networked nor
is there any standardization of software or procedures.

The current information systems available at Silas B. Hays Hospital
are cumbersome and cannot be integrated to provided timely, reliable, and useful
information to hospital decision makers. The lack of integration is seen as a major
problem by many hospital personnel and, until the CHCS comes on line, stop-gap
measures are being used to fill the void and provide the best information available
with the limited resources.

The remainder of this thesis describes how one department, the
Department of Family Practice and Community Medicine (DFPCM), uses the current
information systems available at SBHACH. Also examined is the need for an improved
system and how these improvements might be realized through the use of a responsive

microcomputer-based information system.
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IIIl. CURRENT SYSTEMS ANALYSIS

A. INTRODUCTION

Chapter II introduced information systems development methodologies and the
application of information systems within a hospital environment. This chapter
describes the current information systems in the Department of Family Practice and
Community Medicine, using the development principles discussed in Chapter II. This
chapter introduces data flow diagrams as a pictorial way to represent the existing
information system and presents data flow diagrams and narrative descriptions for the

department’s information system.

B. THE DEPARTMENT OF FAMILY PRACTICE AND COMMUNITY
MEDICINE

Early in 1988, Health Services Command approved a reorganization for Silas B.
Hays Hospital which combined the Department of Family Practice with the Department
of Primary Care and Community Medicine, creating the Department of Family Practice
and Community Medicine (DFPCM). This new department is the hospitals largest and
most diverse in terms of both the services it provides and it’s overall affect on the
hospital. Figure 7 is the department’s organization chart. The department has three
general service areas: Family Practice and Residency, Primary Care, and Consolidated
Troop and Family Member Services. These are further divided into specialized clinics
(sometimes referred to as sections) as shown in the chart. All of these clinics are

outpatient oriented and are literally the gateways to all other hospital services (e.g.,
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Figure 7. Organizational Chart for DFPCM

pharmacy, lab, and specialized medical departments). The DFPCM affects every aspect
of the hospital: every patient treated at Silas B. Hays must first be seen by a doctor
working in one of the DFPCM clinics. The mission of the DFPCM, as stated in the
Health Services Command Regulation 10-1, is "to provide diagnosis, care, and treatment
of all patients commensurate with the highest standards of quality." (HSC Reg 10-1,
1987, p. 3-1) The task of accomplishing this mission is not nearly as simple as the
mission statement itself.

The size of the department, the volume of work done, and the impact on overall
hospital resources combine to create a highly visible, management challenge. The

Chief of the DFPCM (currently a Lieutenant Colonel) is responsible for meeting this
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challenge. The resources he commands include over 150 people and an annual budget
of nearly half a million dollars. In addition, there are five separate service locations,
one of which is 100 miles from the main hospital (Fort Hunter Liggett). Unfortunately,
these resources are limited compared with the task at hand. Since his time is
extremely valuable, the information he gets should be summary in nature in order that
he not be overwhelmed with meaningless data, and yet at the same time, complete
enough to allow him to make informed, confident decisions. All of these factors must
be considered when designing an information system for use by the Chief of the
DFPCM.

Initial interviews with the Department Chief allowed us to identify those
management areas which demand the greatest attention and for which he requires the
best possible information. These areas fell into the following seven broad categories:

« Fiscal Resources.
+ Material Resources.
» Personnel and Scheduling.
e Productivity.
» Patient Satisfaction.
* Medical Procedure Suspense Information.
+ Patient Check-In and Records Procedures.
The last two areas were determined to be beyond the scope of this thesis because

of time constraints and the inherent size and complexity of the projects themselves.
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The Department Chief agreed with our decision and prioritized the remaining five areas

as shown below:

The

Fiscal Resources.
Material Resources.
Personnel and Scheduling.
Patient Satisfaction.
Productivity.

remainder of this thesis describes the research into each of these areas and the

requirements for an information system which would serve the Department Chief in

making management decisions conceming these key areas.

The five major areas listed above were divided into the following six specific

systems:

Budget System.

Equipment System.
Personnel System.
Scheduling System.

Patient Satisfaction System.
Productivity System.

The following section describes the six existing information systems listed above

(with diagrams and written narrative) and how information is gathered, stored, and

presented for decision making. As described in Chapter II, the current system should

be well understood before any attempt is made to improve any part of it. Subsequent
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chapters discuss where and why improvements are needed and how those improvements

can be achieved through system redesign and automation.

C. DATA FLOW DIAGRAMS

In the preliminary description of the information system within the DFPCM, we
used Data Flow Diagrams (DFDs) to represent the current system to department
personnel. The Data Flow Diagram enables the designer to describe the existing
system or the proposed new system at a logical level without considering the physical
environment in which the data flows (e.g., telephone calls, mail, etc.) or the physical
environment in which the data is stored (e.g., card file, microfiche, disk, floppy disk,
or tape). (Atkas, 1987, p. 57) The DFD describes the system as a network of
processes (subsystems) connected to each other and/or to data stores, sources and sinks.
(Atkas, 1987, p. 58) The basic symbols used in the DFD’s are described below.

« Data Flow. An arrow is used to represent either the flow of information or
objects. Occurrences of the data flow must contain data.

* Process. A rounded rectangle represents a process. Processes are work
performed by people, machines, or computers on incoming data flows to
produce outgoing data flows. (Whitten, Bently, and Ho, 1986, p. 226)

+ External Entity or Boundary. A square is used to represent an area in
which data originates or terminates. In essence, the sources and sinks define
the boundaries of the system.

« Data Store. An open-ended rectangle represents a store of information or
objects, irrespective of the storage medium. (Atkas, 1987, p. 59)
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The components of the information system correspond to the DFD symbols as follows

(Whitten, Bently, and Ho, 1986, p. 234):

Information System Component DFD Symbol

Data (Input) Data Flow
Information (Output) Data Flow Users
Entity/Process Methods/Procedures
Process Data Storage Data Store
Computer Equipment Process/Data Store
Computer Programs Process

To achieve clarity, DFD’s are prepared at several levels. The highest level DFD
is the "context diagram,” which merely shows the boundaries of the system under
study. The processes are further decomposed as necessary into lower level diagrams.
(Atkas, 1987, p. 68). The following sections use DFD’s to illustrate the six current
information systems.

1. Budget System (see DFD, Figure 8).

The Resource Management Division (RMD) receives the hospital’s budget
from the Health Services Command on an annual basis via the MED 304 report.
RMD divides this budget into quarterly budget targets for each department and
distributes the budget allocations at the beginning of each quarter. The department
Non-commissioned Officer in Charge (NCOIC) (currently a Master Sergeant) is the
principle administrator of all incoming budgetary information. He serves both as the

Department Chief’s budget administrator and the clinics central point of contact on all
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budgetary matters. This practice of using the NCOIC as the monitor appears to be
common practice throughout the hospital.

Once the department’s budget is received from RMD it is allocated by the
NCOIC into 16 separate accounts. The 16 budget accounts reflect the current
organizational structure with a few exceptions required by funding needs. The 16
sections are listed below:

» Primary Care. This is an overall budget category for any department wide
requirements.

» Family Practice Clinic. This is the eighth floor Family Practice clinic at the
hospital.

e« CTMC-Family Practice. This is the Family Practice clinic operated at the
CTMC.

» Emergency Medical Services. This is the emergency room excluding the
ambulance section requirements.

» Ambulance Section. Supply budget for the ambulance section which is a
subsection of the emergency room.

+ Flight Surgeon Office.

« General Qutpatient Clinic. Serves walk-in patients and active duty sick call
in the Hospital.

» Presidio of Monterey-Health Clinic. Though the POM clinic is run by
PRIMUS, the department assigns a doctor as liaison to handle sickcall and
official military matters for which it receives department funds.

» Consolidated Troop Medical Clinic (CTMC). Medical care for 7th Light
Infantry Division personnel.

« Battalion Aid Station. This money is provided to the Division Medical
Supply Office to reimburse medical supplies used by the battalion aid stations
throughout the division.

» Fort Hunter Liggett Clinic.
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» CTMC (Pathology). Funds in this category pay for supplies needed by the
pathology section located at the CTMC.

« CTMC (Radiology). Funds in this category pay for supplies needed by the
X-Ray section at the CTMC.

+ CTMC (Pharmacy). Funds in this category pay for supplies needed by the
Pharmacy Section at the CTMC.

« CTMC (Immunization). Funds in this category pay for immunization
supplies for the CTMC.

» Battalion Aid Station (Immunization). Funds in this category pay for
immunization supplies used by the battalion aid stations.

Each section prepares requisitions and monitors its expenditures in its own
Document Control/Funds Control register (DC/FC). This document serves as a record
for items ordered and an indicator of the account’s remaining funds once the supplies
are received. The DC/FC register is currently maintained manually in each clinic’s
supply section. One important location for the expenditure of supply dollars is the Self
Service Supply Center (SSSC). The SSSC is a self service supply point for certain
office, medical and computer supplies. These supplies are charged against the
individual section’s account and are usually recorded on a weekly recap basis by an
entry into the DC/FC register. These expenditures are reconciled on a weekly basis
with the Detailed Obligation Report (DOR). This report confirms correct obligation
amounts and recorded orders. Four copies of the DOR are received weekly from RMD
in microfiche form. The four copies are distributed to the CTMC, Fort Hunter Liggett
clinic, the main Family Practice clinic, and the department NCOIC. There are a
limited amount of DOR'’s available, so every section cannot receive it’'s own copy.

This shortage is caused by a number of microfiches actually delivered to RMD.
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Figure 8. Budget System Data Flow Diagram

The NCOIC grovides the Department Chief with budget information via
the department Budget Status Report (see Figure 9). This report is prepared at the
beginning of the quarter, at the beginning of each month, and on a recap basis at the
end of each quarter and the Fiscal Year. The Budget Status Report is the department’s
principle source of information on current budget and expenditure status for each of
the 16 accounts. The report is currently generated using a LOTUS 1-2-3 spreadsheet

program maintained by the NCOIC. The spreadsheet printout shows expenditures by
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Figure 9. Department Budget Status Report
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section, their uncommitted funds and appropriate percentages of expenditures for the
reporting period. The printout is given to the Chief monthly and maintained by the
NCOIC in a file on a microcomputer disk.

Monthly, the NCOIC receives a month-end report from RMD that reflects
the expenditures by medical and non-medical categories for each of his separate clinics.
The month-end report is used to update the Budget Status Report for review by the
Department Chief and the section chiefs. The principle problem with this system
concemns the end of year constraints. As the end of the year approaches, the
expenditure of funds becomes crucial. The amount that is reflected in the month-end
report may be several obligations behind the actual expenditures recorded in the
section’s DC/FC register. This requires a direct matching of available funds by
monitoring the sections through telephonic expenditure reports.

Quarterly, the Resource Information Report is generated to be used in a
meeting between the Department Chief and his section chiefs (see Figure 10). This
report serves as the agenda for the meeting. The primary topic in this meeting is the
projected budget shortfalls for the quarter based on unforeseen requirements.

On an as needed basis, the Budget and Equipment Analysis and Review
report (the BEAR) is requested from the section chiefs. This report reflects much the
same budget information contained in the Resource Information Report but includes
important information on the status of critical department equipment such as
replacement or maintenance requirements (discussed below). The BEAR is collected

by the NCOIC for comments and delivered to the Chief for his review.
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2. Equipment Procurement System (see DFD, Figure 11).

The equipment requirements for the department are interrelated with the
budget system described above in that all expenditures for equipment must be budgeted
and tracked within that system. The department’s equipment needs occur in the four
areas listed below:

» Durable Equipment. This includes low cost, less than $1000, equipment that
is used on a day to day basis. This equipment is funded through the normal
supply budget.

» Capital Expense Equipment Program (CEEP). Medical equipment that
costs more than $1000 but less than $5000. The budget for this equipment
is maintained by RMD.

» Medical Care Support Equipment (MEDCASE). Equipment that costs more
than $5000. This budget is maintained by RMD.

+ Computer/Electronic Equipment. Although the cost of this equipment is
taken out of the department’s budget, the approval to order it comes from
outside the department (discussed below).

The primary source of equipment authorizations is the Table of Distribution and
Allowances (TDA) which shows the equipment authorized to be procured and held by
each department section. Special medical equipment not included in the TDA must be
specifically identified and requested by the department.

Each section identify their equipment requirements by determining equipment
authorization levels, the equipment currently on hand, the status of equipment on order,
and the equipment that requires replacement. The sections have numerous sources they
can use to determine the status of their equipment. The Logistics Division’s Property

Management Branch maintains property records for all equipment held by each section.

They also produce reports on the status of equipment on order, the useful life of
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equipment on hand, and the number of years the equipment has been extended over its
defined useful life. The Medical Maintenance Division maintains cumulative status
reports on the maintenance performed on all medical equipment along with the one-
time expenditure limit which defines the maximum limit for future repair costs for each
equipment item. This information is critical in determining if a piece of equipment has
exceeded its allowed maintenance expense.

The problem with all of these reports is their relative inaccessibility to the
sections. The reports are not distributed to the sections and the maintenance reports
are maintained in the Medical Maintenance building, separate from the hospital.
Because of these difficulties, not all sections attempt to obtain this information.
Another major factor affecting the availability of this information is that the reports are
not divided into sections or departments but maintained on a hospital-wide basis.

Often, equipment needs are not identified until failure of the old equipment.
The Department Chief and NCOIC recently created the Budget and Equipment Analysis
Report (BEAR) to help them plan for equipment expenditures and better manage their
equipment budget (see Figure 12). This report will be completed by each section on
an annual basis to identify critical equipment needs. The BEAR report not only
identifies critical needs but was intended to promote interest in identifying those needs
in a more timely manner. The sections must identify their replacement requirements
for the upcoming fiscal year and for four subsequent years. he sections also report the
requirements for CEEP and MEDCASE items, along with the status of equipment on

order.
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Figure 11. Equipment System Data Flow Diagram

Once the section’s requirements are identified with the BEAR, the
Department Chief, in conjunction with his service chiefs, determines the priorities for
the department. The appropriate paperwork is completed and forwarded to the RMD
Logistics Division to await the next hospital wide Program and Budgeting Advisory
Committee (PBAC). The PBAC consists of key hospital personnel who review and
prioritize MEDCASE and CEEP requirements for each department. If approved, these
items go onto a list of prioritized and approved equipment, either MEDCASE or CEEP,

and await the availability of funds.
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Figure 12. Budget and Equipment Analysis Report (BEAR)
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Currently, there is no consolidated list of the department’s needs but each
section maintains its own list. The only source of consolidated information on
equipment needs are the quarterly Resource Information Reports, discussed in the
previous section.

Needs for electronic and communications equipment are separately identified
by each section on an Information Capability Request (CAPR). Once the CAPRs are
approved by the Department Chief, they must be countersigned by the Chief,
Information Management Division, the Deputy Commander for Clinical Services, and
eventually by the Directorate of Information Management for Fort Ord (DOIM). Once
approved, it is the responsibility of the department to obtain the funds and order the
equipment.

The Department Chief needs all of this information to plan for equipment
expenditures. He can use the information provided by his sections to plead his case
to the hospital administrators who allocate the funding dollars for his department. The
"out year” information provides him with a projection of future equipment needs and
helps improve the department budgets.

3. Personnel System (see DFDs, Figures 13 and 14)

The DFPCM employs more than 150 people. To effectively manage these
people, the Department Chief requires personnel information in three main areas:
authorized positions and vacancies, educational travel funding requirements, and

personnel leave and temporary duty requests.
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Each department in the hospital is authorized a certain number of people,
by position, based on the Table of Distribution and Allowances (TDA). The
Department NCOIC uses a word processing program to keep a list of all authorized
positions, both filled and vacant, for the DFPCM. This list contains appropriate TDA
line numbers and position descriptions plus the personal data for all assigned persons
(or a "vacant" indication if the position is unfilled). On an as-needed basis, the
NCOIC prints the personnel position list for each section. Each section NCOIC, if

necessary, updates his list and returns it to the Department NCOIC who then updates

the master roster. The updated master roster is forwarded to the Department Chief and

is also sent to the MEPRS section to update their Position Control Roster.
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Figure 13. Personnel System Data Flow Diagram
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Figure 14. Leave and TDY Absence Data Flow Diagram

The Continuing Medical Education (CME) program provides the doctors
within the hospital the necessary funds for continuing their medical education. Each
doctor determines his or her educational needs and prepares a CME request which
includes the estimated cost of travel. These requests are reconciled with the
department’s allocated CME funds anc if sufficient funds are available, the request is
approved by the Department Chief and forwarded to the Deputy Commander for
Clinical Support (DCCS) for approval. The DCCS publishes a master list of doctors

approved for CME travel. The NCOIC requires each doctor who has completed his
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or her CME travel to provide a copy of the travel claim voucher. Through this
information, the NCOIC can capture actual CME costs well before they are reported
by the travel personnel at finance (which can be one to three months after the travel).
The CME funds are managed closely because actual costs often exceed the estimates
originally stated in the request. The CME funds are maintained separately from supply
funds.

The Department Chief expressed a desire to monitor leave and temporary
duty (TDY) status. Leave and TDY information is collected in two separate methods
depending on the person involved (see Figure 14). Doctors send leave and TDY
requests to the Department Chief, via their chain of command. Requests approved by
the Chief are recorded in a journal kept by the department administration section and
forwarded to the DCCS. The doctor must also notify the Assistant Department Chief
(ADC) of any planned absences for scheduling purposes (see Figure 9, Scheduling).
The hospital Personnel Administration Center (PAC) types approved requests on a
Department of the Army (DA) Form 31. This form is routed through the hospital
distribution system to the NCOIC who distributes it to the doctor’s respective section.
Other personnel leave and TDY requests are routed through the Medical Company
chain of command. After approval by the Medical Company First Sergeant and
Commander, these requests are forwarded to the PAC, typed on a DA Form 31, and
distributed via the department NCOIC to the appropriate section.

The Department Chief’s main concern in managing personnel is planning for
position vacancies and temporary absences due to leave and TDY. Presently, section

chiefs report upcoming losses on an exception basis only, primarily when the position
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invoﬁed is critical to section operations. The PAC has the capability to report military
personnel losses on a 30, 60, 90, 120, 150, 180, 270, and 300 day basis, but this
information is available only on a hospital-wide basis.

4. Scheduling System (see DFDs, Figures 15 and 16)

The Department Chief’s primary concern for scheduling lies in two clinics,
the Family Practice clinic and the CTMC/FP clinic. Figures 15 and 16 show the
doctor scheduling process as it currently exists in each of these clinics, respectively.

a. Family Practice Scheduling

The Family Practice scheduling system involves two primary schedules,
the On-Call Schedule and the Clinic Schedule, and a secondary schedule, the Walk-In
Schedule. The Assistant Department Chief (ADC) creates each of these schedules.
This process is very subjective and difficult to define precisely. Each of the following
sections describes the process for each of the schedules discussed above.

(1) On-Call Schedule. The On-Call Schedule establishes whicﬁ doctor
will be on-call for each night of the month. The On-Call Schedule affects every clinic
within the department except the Emergency Medical Services which have their own
on-call schedule. To create this schedule, the Assistant Department Chief (ADC)
maintains several different files which help him determine which doctor to schedule for
each day.

Every clinic has a minimum number of doctors which are required
to be on duty each day. This information is maintained on a sheet of paper in the
ADC'’s scheduling folder and is necessary for creating the On-Call Schedule because

a doctor who is on-call one day will not be available for duty the following day. The
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ADC also maintains historical data for each doctor showing the number of times the
doctor has been on call on holidays and weekends. The ADC keeps 3" x 5" cards
with special requirements for each doctor such as continuing education, or conference
dates for which the doctor would be unavailable for on-call duty. The doctors must
also inform the ADC when they are requesting leave or when they will be away on
temporary duty (TDY). The last information kept by the ADC is a cumulative
monthly tally of the number of times each doctor has stood on-call duty for the last
calendar year. After considering all of this information, the ADC creates the On-Call
Schedule in a manner which will be fair to all of the doctors and yet fill the
requirements for on-call duty and the following day’s clinic schedule. The on-call
schedule is distributed to each doctor, the patient care nursing stations on each ward,
the emergency room, and the Clinical Support Division. In addition, the on-call
schedule is used to create the clinic schedule for the Family Practice doctors.

(2) Clinic and Walk-In Schedules. As with the on-call schedule, the
clinic schedule is created by the ADC after considering all of the information relating
to doctor availability. Staff doctors have a permanent clinic schedule for each month.
This is affected only by leave requests and TDY orders from the doctors themselves.
The ADC must also schedule residents-in-training for clinic duty. Each resident is
assigned a primary location for each month by the Resident Director. The ADC keeps
this information in ims scheduling folder along with special instructions for each
resident from his assigned clinic. These instructions, on 3" x 5" cards, contain
information on the daily availahility of the resident for duty in the Family Practice

clinic. Also affecting the clinic schedule is the previous day’s on-call schedule: the
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docsor who was on call the previous day will not be availahle for work in the clinic
on the day in question. The ADC creates the clinic schedule based on the number of
doctors available for each day of the month. The final clinic schedule is submitted to
the COSTARS data entry clerk so the appointment system can be updated to show
which doctors will be available to see patients in the scheduled month. Also, for each
day on the clinic schedule, the ADC schedules one doctor to see walk-in patients.
This doctor is then responsible, on the day assigned, to see all family practice patients
whe could not get an appointment but required immediate care. The walk-in schedule

is stached to the final clinic schedule and distributed to each doctor.
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Figsre 15, Family Practice Scheduling Data Flow Diagram
b. CTMC/FP Clinic Schedule
The Chief of the CTMC/FP clinic completes his clinic schedule in

muth the same manner as described for the family practice clinic. The on-call
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schedule created by the ADC includes CTMC/FP doctors and therefore impacts the
CTMC/FP daily clinic schedule. The Chief of CTMC/FP uses the previous day's on-
call schedule to determine which doctor will not be available for duty on the current
day. Additionally, he receives each of the CTMC/FP doctors leave and TDY requests
and special availability requirements which he maintains in one log book. He consults
this log book and the on-call schedule for the upcoming month to create the CTMC/FP
schedule for that month. He distributes this schedule to each doctor and one copy is
sent to the AQCESS data entry clerk who updates the appointment scheduling database
to reflect the doctors available for appointments in the CTMC/FP clinic for the
upcoming month.

As can be seen from the previous discussion, the scheduling process
is subjective and dependent on the historical files and log books maintained by the
clinic schedulers. The most difficult part of this process is obtaining and coordinating
all of the information sources which affects the doctors’ availability for duty on any
given day of the month. The ADC estimated that it required 3 to 4 hours to create

the monthly schedules because of the many factors influcncing the entire process.
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Figure 16. CTMC/FP Scheduling Data Flow Diagram
54




5. Patient Satisfaction (see DFD, Figure 17)

Determining patient satisfaction is a subjective process and is currently
performed by the department’s quality assurance representative. The QA representative
created a questionnaire to obtain subjective responses from patients on various topics.
The patients are asked to respond "Yes", "No", or "Not Applicable” to eleven questions
conceming the care they received in the Family Practice clinic. This is the only clinic

currently using the patient satisfaction survey.

Mlank Surveys) Mank Survey) (Blank Survey)
DCTOR |y [ DISTRIBUTE \ | PATINT | (COMPLETE
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BINDER
(Individual Patient Surveys)
!(:wmu Surveys>
(Cospleted Surveys)
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‘ﬂhi!u ad evaluation report)
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Figure 17. Patient Satisfaction Data Flow Diagram

On one day of each month, the doctors in the FP clinic are asked to
distribute the questionnaires to the patients they see, with instructions that the patient

retum the surveys to the receptionist at the nurses station. The receptionist gives all

55




of the collected surveys to the QA representative who then calculates the percentage
responses for each of the questions and produces Monitor and Evaluation Reports.

Each Monitor and Evaluation (M&E) report prepared by the department
QA representative represents an important aspect of care recognized by the hospital QA
Division (see example, Figure 18). Each question in the survey is an indicator of one
of these important aspects of care. Each question (indicator) has an assigned threshold
(listed on the M&E report) which the clinic desires to remain above. When the results
of the survey are tallied, the QA representative pencils in the patient response rate for
each question next to the corresponding threshold on the M&E report. The completed
Monitor and Evaluation report’s are used as an indicator of how successful the
department was in reaching the thresholds for each of the important aspects of care.

These Monitor and Evaluation reports are maintained in a binder kept
by the QA representative and are used at the monthly QA meetings to report on the
general level of patient satisfaction for each of the important aspects of care. No other
reports are created using the information obtained from the questionnaires and trends
in patient responses are not maintained. The Department Chief does not receive a
copy of the Monitor and Evaluation reports unless he requests them.

6. Productivity (see DFD, Figure 19)

The DFD in Figure 19 depicts the current information processes
involved in reporting productivity for the DFPCM. The CTMC/FP section is the only
section reporting productivity to the Department Chief. The primary reason for this is

the fact that the CTMC is an ancillary service specially monitored by the Clinical
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MONITOR & EVALUATION

SCOPE: Puienl salisfaction

IMPORTANT ASPECT OF CARE: patients will be treated courleously and
professionally by the stiaff.

THRESHOLD
INDICATORS: (
1) Survey indicates records ready at the front desk 'z 90%
2) Survey indicales screening prompt and private - 90%
3) Survey indicates waiting time will be 30 min or less 90%

SOURCE OF DATA: patients’ survey

METHOD OF COLLECTJON: Family practice receptions clerk provides
palicntls with survey to be completed alter appoinment.

WHBO TO COLLECT DATA: Receptions ’clert to forward 1o nurse or QA
co-ordinator

SAMPLE SIZE: 30

TIME FRAME: Ope day per nonih. every other month starting with
August8s:

Figure 18. Monitor and Evaluation Report

Support Division. The CTMC/FP appointments and patient visits are tracked by the

AQCESS system.

The AQCESS system produces a report called the Validated

Appointment Roster which shows the actual patients seen the previous day. This report

is sent to the Clinical Support Division which counts the number of patients actually

seen by the CTMC, per provider. A cumulative total is kept for the entire month. At

the end of the month, the Clinical Support Division enters this information into a

LOTUS 1-2-3 spreadsheet. The resulting productivity reports are sent to the Chief,
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DFPCM. These reports provide information on daily, weekly, monthly, quarterly, and
yearly workload in tabular and graphical formats. Provider productivity is also reported
in a tabular report showing the number of patients seen each day, by provider, for the
reported month.

Although the productivity of all of the sections is not directly reported
to the Chief, the data necessary for producing clinical productivity information is
gathered by each section. The remaining sections use either AQCESS, COSTARS or
manual logs for gathering workload data. Patient visit information is then reported to
the Patient Administration Division (PAD). PAD collects and forwards all hospital
workload information to the Health Services Command on the MED 302 report both
electronically and in paper format. This report is used in the formulation of future
budgetary allocations to the hospital. Figure 20 illustrates how the various department
clinics currently input their workload information to PAD. All of the workload data
collected by the department’s various sections is also stratified according to paticnt

demographics, e.g., active duty, dependents, retired, service, etc.
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Figure 19. Productivity System Data Flow Diagram
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The Department Chief wants productivity information for all of his
clinics, similar to that provided to him by the Clinical Support Division for the
CTMC/FP clinic. The raw data for creating most of this information exists in the
current systems but is not being used because of time and personnel constraints, and

other factors which were not readily identifiable.
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Figure 20. Clinic Workload Data Flow Diagram
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IV. FUNCTIONAL SPECIFICATIONS

A. INTRODUCTION

Chapter III presented the DFPCM’s current information systems relating to six
specific areas: budget, equipment procurement, personnel, scheduling, patient
satisfaction, and productivity.  This chapter summarizes the current system’s
deficiencies and examines the failure of automation to meet the department’s
information requirements.

Additionally, this chapter proposes general improvements for each of the six
areas and discusses the impact of these solutions, and the impact of automation on the
department’s information systems. The detailed system improvements for each of the

information systems are presented fully in Chapter V, Requirements Analysis.

B. CURRENT INFORMATION SYSTEM DEFICIENCIES

The Chief of the DFPCM makes many decisions which affect both his personnel
and resources, and greatly impacts the entire hospital. The nature of his responsibilities
and the span of control he is required to exercise place additional emphasis on the
significance of these decisions. Facing both time constraints and limited resources, he
needs the right information, at the right time, and in the best format to accomplish his
objectives and meet the needs of the department and the hospital. In analyzing the
existing department information system, we discovered many deficiencies which hinder

the Department Chief’s ability to make informed decisions.
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In general, the reports and other information the Department Chief receives are
complex and difficult to quickly comprehend because they are not summary in nature.
In interviews with the Department Chief, he expressed a desire for information which
would depict long term trends and show department performance over a predetermined
period of time. Much of the information he gets now is a "snap-shot" in time which
does not allow him to see the "bigger picture” without pouring through many similar
reports. In a few cases, the data is simply too time consuming to analyze (e.g.,
budget, equipment and personnel information) and, therefore, never becomes meaningful
information for the Department Chief.

In addition to poor information, the Department Chief occasionally has difficulty
getting enough information. One of the Department Chief’s concemns is having sound
information to help justify his decisions to higher authorities and support his actions
in managing resources and "personnel. Missing information due to informal reporting
standards or poor data collection impedes his decision abilities in these areas.

Another concern of the Department Chief is the importance of feedback. The
Department Chief feels it is critical for each section to receive sufficient, and timely,
feedback on their performance to allow them to become more effective and efficient
on there own initiative. The sections currently receive very little in the way of
constructive feedback and the information they do get is prone to the same problems
discussed above.

Unfortunately, inconsistent reporting requirements and system capabilities exist
throughout the department so that each section is substantially different from the others

in the information it is able to report. This contributes to many of the problems
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described in the preceding paragraphs. Succinctly, the current information system is
not meeting the requirements of the Department Chief. We feel the majority of these
obstacles can be attributed to limited personnel resources, time constraints, and

ultimately, the incompatibility of the hospital’s automated information systems.

C. THE FAILURE OF AUTOMATION TO MEET INFORMATION
REQUIREMENTS

Chapter II introduced the three major automated information systems in place in
the hospital: MEPRS, AQCESS, and COSTARS. These systems hold huge stores of
data which can potentially produce meaningful information. In addition to these
medical information systems, the hospital uses other Army-wide systems for accounting
and logistical data. Microcomputers are scattered throughout the hospital providing
individual computing capabilities in some functional areas. With all of these resources
at hand and with the rapid advance in information systems technology, the question
arises, "Why hasn’t automation solved the information problems within the DFPCM?"

There are many reasons why the automated systems at Silas B. Hays have failed
to meet the information needs of it’s key decision makers. The primary factors which
have contributed to this failure are listed below:

« The AQCESS, MEPRS, and COSTARS systems are independent and
incompatible with each other. Data sharing is impractical and duplication of
data collection and data reporting are wasteful of time and resources.

» All of the sections within the department do not use the same system. For
instance, the Family Practice Clinic uses COSTARS for appointments and
patient records while the Consolidated Troop Medical Clinic, the Family
Practice Clinic at the Consolidated Troop Medical Center, and the General
Outpatient Clinic use AQCESS for appointments and patient information. The

Fort Hunter Liggett and Presidio of Monterey Clinics, the Emergency Medical
Services, and the Flight Surgeon’s Office are completely manual.
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* Much of the data kept by the accounting and logistical information systems
is not divided by departments or sections, making information extraction
difficult and time consuming.

+ The method of inputs to the various systems are different, making it
impossible to create standards for data collection and reporting.

» Hospital personnel are not adequately educated on the capabilities of the
current information systems. In discussions with various department and
hospital personnel, it was apparent they were unaware of the information
available to them or of the procedures required to obtain the information.

« The reports produced by these systems are in tabular format and reflect the
data for one period of time. Trend analysis over time is impossible without
further manual manipulation of the data. Summary information is also difficult
to obtain.

Although most of these problems are unsolvable within the scope of this thesis,
evaluating the difficulties they create within the department’s information system will

assist us in identifying specific requirements for an improved information system.

D. PROPOSED INFORMATION SYSTEMS
The first two sections of this chapter addressed the overall problems which exist

in the current information system. In identifying what the system lacks, we have thus
helped identify what an improved system will require:

» Consistent data collection methods.

» Consolidated information.

« Concise, summary reports which are easy to read.

* Analysis of department and section performance trends over time.

e Easy data input methods.

» Feedback for department and section leaders.




e Standard reports.
» Complete and up to date information.
The remainder of this chapter is an analysis of the requirements for each of the
specific areas described in Chapter IIl. Each section below summarizes the solutions
we propose, supported by the Department Chief’s requests, for the six major areas
under consideration.
1. Budget Information System
a. System Deficiencies
The Department Chief has a budgetary system that meets only his
minimal needs. The information listed below is provided to the Department Chief in
tabular format by the microcomputer based spreadsheet program.
¢ Account Processing Code (APC). This code is generated by the Resource
Management Division to identify separate identified fund accounts. A single
section can have several fund accounts.

» Section name. The name the department assigns to each APC listed above.

» Allocated funds for the Quarter. The funds allocated for each APC for the
quarter.

* Supply Expenditures for the Month.

+ Total Department Expenditures for the Month.

» Total Spent this Quarter (cumulative)

+ Uncommitted Funds this Quarter.

¢ Funds per Month (target expenditure for the section).
« Percent Spent for Month.

* Percent Saved for Month. This percentage is calculated by subtracting the
percent spent for the month from 100 percent.




* Percent Spent for Quarter.

e Percent Saved for Quarter. This percentage is calculated by subtracting the
percent spent for the quarter from 100 percent.

This information, though adequate, does not provide him with an easily decipherable
format nor the capability to track spending habits for more than one month. The data
used to generate the report, the Month End Report, is accurate but does not necessarily
reflect any recent section expenditures. In spite of this problem, the information from
the Month End Report is still considered accurate enough to be a good indicator of
expenditures for the Department Chief.

The Department Chief also receives budget information from the two
intradepartmental reports, the Resource Information Report (RIR) and the Budget and
Equipment Analysis Report (BEAR). The budget sections of these reports are meant
to provide the Department Chief with up to date budget information that is not
currently reflected on the monthly budget worksheet. Though these reports were
designed to report more current budget information, the information actually reported
on the RIR and BEAR reports is a duplicate of the budget information already
provided on the budget worksheet. In fact, the Department NCOIC stated that he often
recopies the budget data onto the reports from the Month End Report.

The Department NCOIC currently maintains old copies of each budget
report on computer disks. As each new report is needed, the Department NCOIC
gathers the current information necessary to complete the spreadsheet. He gathers this
data from either the current Month End Report or in the case of a quarterly or yearly

recap report, from previous monthly reports. Once this new spreadsheet is created for




the report, he enters the sections’ expenditures for the period into the spreadsheet. The
input of each section’s expenditure requires the Department NCOIC to search through
the spreadsheet and find the location where the information must be entered. Although
this process is not necessarily difficult, it is cumbersome and requires the Department
NCOIC to have a working knowledge of both the spreadsheet’s format and the
application program. This system can be handled by a highly computer literate
individual like the current Department NCOIC, but could easily become unworkable
under a different NCOIC.

Data analysis requiring more than one month’s data would involve the
combination of several separately maintained spreadsheets. The old data is replaced
each time a new report is created. The elimination of historical data makes long term

trend analysis extrzmely difficult and cumbersome.

b. Proposed System Improvements -
Data entry can be made simpler by standardizing the screen displays
and inputs and by making the program environment transparent to the user. This data
can also be maintained in a more accessible format, such as a database, for ad hoc
inquiries. Maintaining the data within one consolidated database will also provide the
capability to do long term analysis of expenditures. This ability to access the data
allows the sections to retrieve information on their performance in the same format as
seen by the Department Chief.
The data output can be improved through the use of graphs. The
graphs will be used to display budgetary trends on a yearly basis which provides the

Department Chief with a clearer picture of the budget fluctuations and trends over
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time. These graphical printouts allow better analysis of the budget information with a
lot less mental manipulation of the data. Printed tabular reports can be improved by
reorganizing the presentation of the information.
¢. Impact of Automation
Dr. Ertel best characterized the role of the microcomputer in automation
by his statement:
The proper role for the computer is to do what it does best: scan large numbers
of records...rapidly, apply its infallible memory for detail, and serve as a
communications link. (Ertel, 1984, p. 485)
The primary goal in our requirements specification is to avoid the creation of any
additional and senseless work. This means avoiding the automation of something that
does not need automating while automating those things that best fit the advantages of
the microcomputer.
The budget system is already automated, though only in a limited sense.
The improvements described in the previous section will have the following impact on
the current information system:

« Simplification of the input process.

» The capability to maintain a larger database to facilitate trend analysis and
graphing.

+ Enhance the information’s worth to the decision maker.

* The capability to graph the data versus displaying it in its current tabular
format.

* Reduce the amount of time the person who receives the information must
spend in deciphering the data to turmn it into useful information.

e Provide for a user friendly system that will not require the user to master a
computer or to learn a particular applications program.
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» Providing the user with a menu driven work environment should make the
transition hetween users less complicated.

* Enhance the choice of outputs (the ways the data can be viewed) for the
Department Chief and his sections.

d. Impact of Proposed System
The information provided by the new budget information system will
provide the decision maker with a more succinct view of the budget information than
he currently receives. As discussed in the introductory sections, the Department Chief’s
time is limited and the ability to see the impact of information quickly without any
major data manipulations is critical. The addition of a trend analysis capability will
provide the Department Chief with the ability to forecast and manage his future budget
requirements. By being able to pictorially depict his budget trends and status, the
Chief can keep himself, his subordinates, and his superiors better informed.
2. Equipment Procurement System
a. System Deficiencies
The current equipment needs are identified through three sources: the
Resource Information Report (RIR), the Budget and Equipment Analysis Report
(BEAR), and the Information Capability Request (CAPR). The equipment needs
identified by each of the department’s sections are provided by the equipment sections
of the RIR and BEAR reports. The Department Chief identifies new automated
equipment requirements through the Information Capability Requests (CAPR).
The RIR contains the following equipment information:
* Old Equipment Status.

* New Equipment Status.
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* Medical Care Support Equipment (MEDCASE) items (equipment needed).
+ Capital Expense Equipment Program (CEEP) items (equipment needed).
The BEAR contains the following equipment information:

¢ Equipment to be replaced (immediately, within one year, within two years, and
within three years).

¢ Money needed for equipment replacement (immediately, within one year,
within two years, and within three years).

* Actual approved items now on the CEEP and MEDCASE program with the
date item ordered and its projected arrival date.

* Paper work in progress for placing equipment either on the CEEP or
MEDCASE programs and its paperwork status.

The problem with the information provided in the RIR and BEAR reports is
redundancy. [Each report seeks to collect information on only the high priority
MEDCASE and CEEP requirements but within two different timeframes, quarterly for
the BEAR and monthly for the RIR. These reports provide the Department Chief with
only a limited look at his equipment needs and tend to track only those needs that are
the most urgent (usually only MEDCASE and CEEP items). The reports do not give
the Department Chief a consolidated look at all of his department’s requirements. This
fragmented appn:oach to capturing the data makes it an intricate process for the
Department Chief to estimate his future equipment needs. Since funds are limited, the
Department Chief stated that he needs a consolidated listing of all his requirements to
set replacement priorities throughout the department. The consolidation of this
information would also be beneficial when bargaining with the hospital’s equipment

acquisition board (Programmed Budget Advisory Committee).
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The CAPR requests provide the Department Chief with the following
information:

* Functional area supported. i.e., automation, communications, records
management, printing/publishing, and visual information.

 Justification for the equipment.

» A description of the changes and the reasons for the change to the existing
service (if applicable).

» Source of funding for the equipment.
These requests are only tracked as they are generated.

The process of consolidating the equipment requirements identified in
the BEAR, RIR, and CAPR requests is tedious and requires the Department Chief to
manually consolidate all the section’s separate reports. The current system also does
not allow him to track the long term equipment requirements needed to determine if
there are department-wide problems in the acquisition of equipment.

Other equipment needs that may not be as critical are not tracked or
monitored. In addition, the Department Chief cannot track the section’s past reported
requirements which are either inadvertently or deliberately not listed on the current
report. This requires him to either remember all of the past requests or manually
search through the old RIR and BEAR reports to obtain this information.

The status of high priority equipment requests are reported on the
BEAR and RIR reports. The only way to see the status for this equipment is to review
each section’s RIR and BEAR reports for this information. The Department Chief

simply does not have the time to do this.
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b. Proposed System Improvements
Any solution proposed for the equipment information system will

undoubtably create some additional work for the department. Therefore, the primary
consideration for the new equipment information system will be ease of data entry and
familiarity with the entry format. The greatest improvement to the current system can
be accomplished by the creation of a consolidated database where all equipment
requests can be recorded and easily tracked. To identify equipment requirements, the
Department NCGIC suggested the following types of information be used in the
database:

e Item description.

» National Stock Number.

 Section requesting the equipment.

e Date requested.

» Type of request (MEDCASE, CEEP, CAPR, Other).

» Priority of equipment within a category.

» Urgency of need (immediate, one year, etc.).

* Quantity desired.

» Unit price and associated extended price.

» Status of request (requisition number).

e Cumulative recap of required expenditures.
Once an item is deleted from the active database due to the delivery of the equipment,
its data should be relegated to a historical database for the analysis of long term

equipment trends.
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The design of the user interface is critical. Once again, data entry
should be simple and straightforward. The outputs can reflect either a recap by
equipment category or a consolidated listing of all equipment requirements. The current
reports should be consolidated into a single report and standardized and simplified to
match the inputs required by the user data entry interface. The system should be built
to facilitate ad hoc inquiries on the database and to do limited mathematical
calculations to subtotal categories and run cumulative totals within categories.

c¢. Impact of Automation

The equipment procurement information system is not currently
automated. The most far reaching impact of automating this system will be the work
required to enter data from the consolidated Resource Information Report into the new
equipment database. On the other hand, the Department Chief considers the
availability of this information important for resource management. As stated earlier,
a well designed user interface should limit data entry to the format recognized in the
RIR. Specifically, automation will:

* Provide the department with a consolidated listing of all equipment
requirements and the capability to report separate categories without leaving
the database.

» Provide the Department Chief with the ability to request the information in the
format he needs for a particular situation.

» Provide a historical database of equipment requirements that can be analyzed
to determine equipment procurement trends over the long term.

The Department Chief currently feels that the benefits associated with automation in

this area will far exceed the costs, provided the user interface is kept simple.
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d. Impact of Proposed System

The proposed system will provide the Department Chief with a
consolidated listing of all his sections’ equipment requirements. This information will
provide him with a capability to sort equipment needs by cost, category, or priority
within the separate equipment categories, e.g., CEEP, MEDCASE, etc. In this
information lies the ability to bargain with the hospital resourcing committees by
having the information readily at hand and in a format which will facilitate this "give
and take" environment. By knowing all of his requirements, the Chief can better
manage his resources to meet those equipment needs that are the most critical to his
department’s success. With his limited time, the consolidated format aliows him to
digest the informaiton quickly. Through the listings of future needs, he can better plan
the budgets to meet those needs. This new system will serve to facilitate unique
information needs quickly and with less inconvenience in obtaining that data.

3. Personnel System
a. System Deficiencies

As discussed in the previous chapter, the Department Chief has two
areas of concemn with the personnel information system: tracking and reporting
manpower levels and funding for the Continuing Medical Education (CME) program.

The Department Chief currently tracks personne]l manning levels by
maintaining this information within a word processing shell This format is not easy
to update. It limits the types of reports you can generate and the type of analysis that
can be done on the data. Without an ad hoc capability, the Department Chief must

visualize position vacancies by scanning the complete listing. This format also restricts




...

the types of additional data that can be maintained with the personnel listing, i.e.,
doctor patient panels, productivity information, or leave and absence requests. This
also precludes any data interfaces with other information systems, such as scheduling.
The update process is complicated in that it involves printing the entire form and then
cutting the report into individual sections. Likewise a section which requests a listing
must be satisfied with a department-wide listing.

The CME listing is currently maintained on a spreadsheet. This type

of format, though adequate, hampers the ability of anyone to do ad hoc analysis. Any

trend analysis beyond the current year is limited. A person unfamiliar with the
application program may have difficulty updating the CME spreadsheet.
b. Proposed System Improvements
The current personnel listing can be integrated into a database to

provide the Department Chief with the capability to keep critical personnel information.
The database should contain the following database files:

» Position Information (TDA position, authorization, etc.).

* Personnel Information (Name, SSN, and Known Loss Date).

» Personal Information (Protected, including address, spouses name, children,
birthday, telephone number, etc.).

+ Leave/Absence Log (Interfaces with CME listing and scheduling system, but
would also include other types of absences, i.e., leaves, emergency leaves,
other TDY, or unusual planned absences).

+ CME listing. (Interface with the Dactor listing and the Absence Log but also

includes critical CME intormation, i.e., estimated costs, actual costs,
qualification, etc.).

74




The various relationships between the database files can be kept transparent to the user.
All requested reports can be created by linking the needed database files. The
Department Chief will have access to a list of planned absences, anticipated losses, and
vacancies that he did not have previously. The consolidation of the CME listing with
the personnel listing will consolidate the data entry requirements under one person,
therefore freeing critical personnel to do their primary jobs. This type of data format
facilitates any type of report the sections or the Department Chief could request. In
addition, the scheduler can receive a list of the planned absences and not have to rely
on verbal notifications from the doctors (see Section D.4., Scheduling).

Once again, by building a user interface that is independent of the
program used, the requirement for any application programming familiarity is no longer
necessary.

The current system requires two separate routes for leave requests,
depending on the person requesting leave. The flow of information can be improved
by centralizing all the data entry and flows for leaves into one location. By
centralizing this data flow, the leave requests, as well as personnel updates, can be
combined to avoid the redundancy of the data maintained.

c. Impact of Automation
Automation will improve the system in the following areas:

o Improved user interface. The system can be independent of the knowledge of
the user.

* The choice and diversity of reporting capabilities will be enhanced.

¢ The leave log is currently maintained manually. By automating this log, the
data can be linked to the other systems, particularly the scheduling system.
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* The data will be made easier to maintain and to update.

e The Department Chief will be able to maintain a protected personal database
on his personnel.

* The need to consolidate all data flows through one central location will involve
changing some internal procedures within the department. These changes must
be validated to meet regulations and will cause some personnel changes.

* The initial setub'will be costly in terms of the database. The maintenance of
this large database will require the use of a data entry clerk, but the work can
be minimized by a well designed user interface.

d. Impact of Proposed System

With an enhanced database, the Department Chief can maintain the type
of data he needs to track his personnel. Through a vacancy listing and the anticipated
loss listing, the Department Chief can always know, with one simple listing, the
vacancies or projected losses that exist in his department. This information can then be
used at critical hospital meetings to quickly identify his needs in a straightforward
format. At the same time, the addition of personal information, readily accessible to
him, makes his job as senior counselor easier. The absence listing gives him a monthly
listing of the personnel that will not be available during a specified time period. This
information is critical for monitoring the workload throughout the department and
greatly enhances the Department Chief’s ability to predict periods of high stress due
to personnel shortages. The management of CME funds will always remain critical.
Doctors need the necessary education (0 keep them up to date in their medical practice

but in periods of increasing resource constraints, the ahility to predict and justify these

requirements is critical.
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4. Scheduling System
a. System Deficiencies

Scheduling is a complex, subjective process requiring a great deal of
independent information. In the existing scheduling system, this information is
collected in many different ways, at different times, and in different formats. This
information is subjectively interpreted and evaluated to produce the three required
Family Practice schedules and the CTMC/FP schedules. Specific problem areas within
the current scheduling process (as shown in Chapter III, Figures 15 and 16) are listed
below:

* Doctor’s leave and TDY requests are verbal. The scheduler depends on the
individual doctor to inform him of upcoming absences. There is no standard
form or time requirements for providing this information.

» The independent sources of information are maintained informally, i.e., some
are recorded on yellow legal paper, other information is kept on 3" x 5" cards,
and still others are typed on regular white paper.

* There is no formal instruction for the collection or maintenance of the
information necessary for scheduling. The Assistant Department Chief (ADC)
currently keeps all the scheduling paperwork in a manila folder and the
CTMC/FP chief has a green log book in which he records doctor availability
information.

b. Proposed System Improvements
The subjective nature of the scheduling process and the diverse sources
of the necessary information place restrictions on the improvements which can be made
and the resulting benefits of these improvements. We feel attempting to automate the
process, in this case, is infeasible. Automated scheduling applications requires integer

programming and optimization techniques far beyond the scope of this thesis.

Additionally, complex scheduling algorithms often require the computing power of a
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mainframe computer for the rapid calculations and reiterations of scheduling models.
(Lyons, 1983, p. 438) Therefore, instead of concentrating on the process of actually
creating the schedule, we propose improved methods of collecting, maintaining, and
assimilating the necessary information. Developing a scheduling optimization model
could be the subject of future research.

As described in the previous section on the Personnel System, an
automated leave/TDY log could be used to record all requests for leave as soon as
they are approved by the Department Chief. A simple report listing each doctor’s
requested leave dates could be produced for the ADC just prior to the creation of the
following month’s schedule. This would ensure the ADC had all doctor’s leave and
TDY dates, without having to rely on verbal information or "Post-it-Notes" stuck on
his office door.

In evaluating the other methods for collecting and maintaining doctor
information, we found that automation would again be infeasible. In this case, the
department schedulers do not have ready access to microcomputers and will probably
not have access in the near future. Additionally, automating manual records can
sometimes cause more work than it saves. For instance, in keeping the monthly
cumulative tally sheet described in Chapter III, the ADC simply puts tick marks beside
doctors names to show how many times they were on call for the month. If this tally
sheet were automated, what now takes the ADC 2 or 3 minutes to perform might take
10 or 15 minutes by the time he turns the computer on, loads the application program,

and selects and updates the doctor’s information.
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Improvements can be made, however, if the forms for recording and
reporting information are standardized and a more formal method of coordinating the
information is developed. Using the monthly cumulative tally sheet to illustrate,
preprinted forms with the months of the year listed across the top and the doctors
names on the left could be used instead of the handwritten yellow legal paper. Other
forms depicted in Chapter III, Figures 15 and 16 could be standardized and preprinted.
This would make formalizing instructions easier and would positively influence the
scheduler’s assimilation of data when producing the schedules.

Keeping these standardized forms in a folder or binder is sufficient, as
long as there are some basic instructions on where to get the printed forms (e.g., the
department secretary’s office) and the doctor’s leave report so that a newcomer to the
job will not revert to an unorganized system.

c¢. Impact of Automation

As presented in the last two sections, automating the scheduling process
for the DFPCM would be infeasible within the scope of this thesis. Where automation
would benefit the scheduling process is in providing consolidated information
conceming doctor’s leave and TDY requests. This is discussed more fully in the
section on personnel. The preprinted forms for standardizing the information collection
and maintenance functions could be created and kept on a floppy disk in the
department’s administrative office. They can then be printed as needed by the ADC.

d. Impact of Proposed System
The improvements suggested for the scheduling system deal mainly

with organization and standardization of the information collection, maintenance, and
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reporting functions.  Although the process will remain virtually the same, the
schedulers will find it much easier to gather and assimilate the data conceming the
individual doctor’s availability status. Designing a good manual user interface (forms,
reports, instructions, etc.), like designing a computer user interface (menus, data entry
forms, reports, screens) is important. "You will learn and use a system better if it has
a consistent user interface.” (Burnett, 1988, p. 29) Organizing and standardizing the
various forms and reports will assist the scheduler in recording, finding, and
understanding necessary information. It will also be much easier for him to explain
the system when he turns the scheduling job over to another person, as often happens
in the military. Clear instructions are vital for a good transition file.

The process of scheduling department doctors will, for the time being,
remain a subjective decision making process. Formalized methods of collecting and
reporting information, however, will ease the process by allowing the department
schedulers to more rapidly assess the information presented to them.

5. Patient Satisfaction System
a. System Deficiencies

Patient satisfaction is difficult to define and measure. The concept of
satisfaction is viewed differently by each patient and is influenced by different factors.
One person may base satisfaction on the courtesy of the doctor, another on the amount
of time he had to wait to see the doctor. Some people agree that hospital satisfaction
is "the consumer’s overall emotional feelings about a hospital following his or her
visit" (Swan, and others, 1987). Because of the differences in opinions on this matter,

it is important to identify some basic dimensions which might be indicators of
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satisfaction. The evaluation of these dimensions can then be determined by using a
questionnaire to measure patient opinion on the various dimensions. It is also
important to realize that "many questionnaires are developed not with the intent of
determining global patient satisfaction, but instead, to address only those dimensions
of satisfaction with which an organization is willing or able to react". (Pelletier, 1985)

Applying these concepts to the DFPCM involved evaluating the
effectiveness of the current patient satisfaction questionnaire and the value of the
information it provides.

The basic content of the current questionnaire closely matches the
Department Chief’s desires. Table IV shows the dimensions of satisfaction perceived
by the Department Chief as necessary for effective evaluation of patient satisfaction.
The current questionnaire covers most of these dimensions except as noted in Table TV.
The questionnaire lacks two important features: a brief explanation of the purpose of
the questionnaire; and instructions for completing and submitting the questionnaire. The
patient currently receives verbal instructions from the doctor distributing the
questionnaire. These instructions will vary slightly from doctor to doctor.

The format for obtaining patient response is not as effective as it could
be. Instead of "YES/NO" questions, the Department Chief would like the answers to
be scaled, e.g., options from poor to excellent using a scale of one to five. "YES/NO"
questions are considered too restrictive while a scale indicates a degree of intensity
(Duffe, 1985). For our purposes, a scale would show the general level of patient

satisfaction with respect to the given dimensions.
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Table IV DIMENSIONS OF SATISFACTION

b ACCESS TO CARE How long it takes to get an appointment.
WAITING TIME How long it takes to see a doctor.
COURTESY OF STAFF Doctors, Nurses, Clerks.

UNDERSTAND TREATMENT  Explanation of procedures.
e CLINICAL ENVIRONMENT Cleanliness of clinic.

PHYSICIAN TIME Adequacy of time spent with doctor.

ALLOCATION

GENERAL SATISFACTION General opinion of the care recsived for a particular
visit.

** Dimensions not included in current questionnaire

The priiuary problem with the existing system is in the output generated
from the questionnaire results. Each question is treated as a discrete entity, one
indicator of an important aspect of care. As such, only one-time, discrete response
rates can be obtained for each question. Additionally, the questionnaire results are not
being tracked or reported. As discussed throughout this thesis, the Department Chief
wants summary information which depicts comparisons and trends. The Monitor and
Evaluation reports do not provide this information.

b. Proposed System Improvements

There are two basic improvements which need to be made for the
patient satisfaction system. First, the questionnaire must be redesigned to include all
of the dimensions of satisfaction identified by the Department Chief, listed in Table IV.
This redesign must also incorporate the desired scales for applicable questions. In
addition, the questionnaire should include a statement of purpose and instructions to the

patient on how to complete and submit the questionnaire. Although some literature
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suggests that a cover letter be included (Landry, 1987, p. 16), we believe a simple one
page questionnaire will be received better by the patients and will be easier to collect
and review.

Secondly, the results of the questionnaire need to be reported in a more
meaningful, effective method. The Department Chief should be able to view trend
lines and other graphical information to determine the level of satisfaction with respect
to various dimensions. Comparing the dimensions, when appropriate, should also be
made easier. Providing this information using automation would require the
questionnaire data to be entered into a computer program which would manipulate and
compute the desired results and produce the desired output.

¢. Impact of Automation

If the responses in the questionnaire are coded, the patient response can
be easily entered into a computer. Once this is done, the application program would
automatically compute the results and print or display the desired output in tabular or
graphical form. Automation will allow rapid trend analysis and graph generation and
provide a means for storing historical results for future analysis if desired. To perform
these functions manually would require an inordinate amount of time and the resulting
benefits would thus be outweighed by the costs. The Department Chief has clearly
stated the shortage of personnel in his department precludes implementing any system
which would require excessive input or evaluation time. The time the QA representative
now spends hand calculating the results of the current questionnaire would be converted
to time spent by a data entry clerk entering the raw data from the returned

questionnaires.




d. Impact of Proposed System
The proposals outlined above will improve the patient satisfaction
information system in several ways:

¢ A questionnaire which is easy to understand and complete is more likely to
be submitted by the patients.

+ Improved questions will meet the Department Chief’s stated dimensions of
satisfaction.

» Redesigned answer formats (scales) will provide more meaningful information
to the Department Chief on the level of satisfaction of the patients.

+ Automared applications will free the QA representative from the time
consuming task of hand calculating the response rates for each question.

e Through automation, improvements in data analysis, storage, and reporting can
be realized with minimal time requirements.

e Producing more meaningful reports will allow the Department Chief to spend
less time analyzing the data and draw more accurate conclusions from the
information presented. Trend analysis and historical comparisons will give
indications of possible problems and potential improvements in the care
provided by the department.

6. Productivity System
a. System Deficiencies
The main problem with the productivity miformation system is that only
the CTMC and CTMC/FP clinics are being monitored for productivity. The
Departmr ~t Chief likes most of the tables and graphs produced by the Clinical Support
Division for the CTMC clinics but would like to receive this information for each of
his other sections. Unfortunately, all of the sections do not use the same system to

record patient visits and doctor workload. CTMC uses AQCESS, Family Practice uses

COSTARS, and other sections use a manual system. Thus, to provide the Chief with
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the information he desires will require collecting and consolidating the clinic and

doctor workload statistics from each separate clinic.
b. Proposed System Improvements

The Department Chief is interested in obtaining productivity information
for two distinct purposes: monitoring each individual doctor’s workload (based on the
number of patients seen), and monitoring the overall workload of each clinic (based on
the total number of visits).

Monitoring each doctor’s productivity was determined to be beyond the
scope of this thesis for the following reasons:

e Only clinics using automated appointment systems, ie., AQCESS and
COSTARS, maintain individual doctor workload data.

* Productivity information for each doctor would be impractical to obtain
manually because of the high volume of patients treated by each clinic.

e The appouitment systems use different measures of doctor availability and do
not factor in doctor absences, e.g., leave and TDY, when computing doctor
workload. These disparities result in inconsistencies between the resulting
doctor produciivity figures.

For these reasons, individual doctor productivity will not be discussed in the remainder
of the thesis but could be the subject of future research.

Opverall clinic workload data, in terms of the number of patient visits,
is reported monthly by each section to the Patient Administration Division (PAD). This
information is already mandatory and can be obtained from PAD either manually from

the printed MED 302 report or automaticaily from the data in the PAD worksheet (see

discussion in Chapter III). The use of an automated data capture routine will preclude
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the sections from having to provide another copy of their workload reports to the
department.

The improvements necessary to obtain the clinic productivity
information involve collecting all of the section’s visit data for entry into an overall
department system. With a consolidated database of department visit information,
productivity reports can be produced to show monthly clinic workload and yearly
productivity trends. The productivity database can be combined with the budget
database to produce information relating department and clinic monthly expenditures
to monthly workload data.

¢. Impact of Automation

Automating clinic workload reporting would result in the following

benefits:

* The Chief can monitor the aggregate workload, by section, to determine trends
in patient visits and the need to shift resources to meet needs.

* The department will be able to monitor its workload in relation to its budget.
d. Impact of Proposed System
The aggregate number of patient visits is important information. The
number of patients seen by a section can be compared with the dollar amounts of
supplies used to track and estimate budget requirements and justify spending patterns
for the Department Chief. The trends and seasonal changes in patient visits can be

analyzed over time to assist the Department Chief in planning for future requirements.
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V. REQUIREMENTS ANALYSIS

A. INTRODUCTION

This chapter presents the requirements analysis for the DFPCM information
system. These requirements were determined through prototyping as discussed in
Chapter II. The requirements analysis is based on the functional specifications for each
system described in Chapter IV and provides a more detailed look at the inputs,
outputs, data structures and user interfaces required to meet the functional
specifications. We used User Concept Diagrams (UCDs), described in the following
section, to depict the requirements for the systems and aid in establishing the
prototypes.

Having analyzed the current system (Chapter III) and proposed improvements
(Chapter IV), the requirements analysis is the first step toward actually building an
improved information system. This thesis takes the requirements analysis phase of the
development life cycle through one iteration of the requirements prototype. The
number of iterations which will ultimately be required for the prototype is unknown
and will vary for different development projects. Once the prototypes are accepted by
the users, the system development can continue with design and implementation. The
remainder of the chapter presents the identified requirements for the DFPCM

information system.
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B.

USER CONCEPT DIAGRAMS

Chapter III introduced data flow diagrams as a way to depict the current

information system. Although DFD’s are being used extensively by systems analysts,

there are many other methods available for relating information system functions and

data flows to the user. One of these methods is the User Concept Diagram (UCD)

developed by Charles F. Martin in 1988.

Martin designed UCDs to supplant DFDs for representing the information system

to the user. UCDs have several advantages over DFDs. These advantages result from

the use of additional symbols to represent entities and interactions not present in DFDs.

The major advantages are listed below:

External entity symbols clearly indicate data flows into and out of the
automated system.

The use of multiple symbols for extemal entities more closely depicts the
objects they are intended to represent.

The intended user is identified with his type of interface so the interactions
of the system can be designed for compatibility with intended users.

Symbols can be easily drawn with standard flow chart templates or automated
graphics packages.

Different storage and output mediums can be easily portrayed. (Martin, 1988,
pp. 65-84)

Figure 21 shows the basic UCD symbols (more can be created to meet a

particular analyst’s needs). Although UCDs use more symbols, the resulting diagrams

are easier to explain to the users because they are "pictorially more suggestive of the

objects they represent” (Martin, 1988, p. 65). We found this to be true in our
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interactions with the DFPCM users. Thus, in the requirements analyses that follow,

we use UCDs to depict the department’s information system requirements.

Automated ‘
function Screen display

On-line date
store
Diskette storage or
O communication ot data .
0 External entities

Hardcopy reports

Off-line data
storage

ugser and machine

% interaction with the

l ! Indication of major

Indication of , )
iven function
intended user and © !

type of workstation
Figure 21. User Concept Diagrams

C. GENERAL REQUIREMENTS
1. User Interface Design
The design of the interface is perhaps one of the most critical aspects in the
development of a prototype for the DFPCM. "Ease of use", "user friendly"”, and
"ergonomic design” are all industry buzzwords that simply mean one thing: make the

interface work for the user in the way they expect it to work in their environment.
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Many factors determine who will be the users and when and how they will use the
system. The environment at the hospital provides a challenging set of circumstances
for the design of the interface. The target DFPCM information system user will most
likely be a novice, untrained in both computers and applications programs. He or she
will not have the time to leamn complicated applications program because of many
more urgent duties. The information system will not have dedicated data entry clerks
and will, in all probability, rely on the availability of someone who has other pressing
matters at hand.

Martin’s Human Factors/Computer Knowledge Structure, as depicted in Table
V, served as the basis for the interface designs in developing the initial prototype
(Martin, 1987, p. 335).

To properly humanize software through the use of ergonomic design
principles, Knittle and Gardner suggest the designer follow the principles listed below
(Knittle, 1987, pp. 164-171):

* Minimize worker effort. The wuser should only perform essential,
non-automatable tasks, avoiding repetition of work already accomplished
(Knittle, 1987, p. 164). All inputs should be in the format that the user is
already familiar with, i.e., a commonly used written form or report.

 Minimize worker memorization.

* Minimize worker frustration. Keep the user aware of delays in accomplishment
and if necessary give them progress reports (Knittle, 1987, p. 166).

¢ Maximize use of habit patterns.
« Notify users of problems promptly.
* Maximize worker control of tasks.

¢ Maximize task support.




Table V. HUMAN FACTORS/COMPUTER KNOWLEDGE STRUCTURE (Martin and
Fuerst. 1987, p. 335)

Human factor

Human subfactor

User computer knowledge

Novice Experienced
Explanatory and Short and to the
Tone polite point
Use of humor Careful None
Bypasses None Allow
Warnings Many Rarelv
Nature of message Screen ljormat Menu Inquiry
Input verification Alwavs Rarely
High lighting Some (judiciously) Little
Defaults With explanation Wlthmg oer.;iplana-
Screen discontin-

Prompt and keved

Keved response

uation response without prompt
) Procedures Full, unsolicited Upon request
Help function — :
Values Full, unsolicited Upon request
Mean Minimize within Minimize
. variance
Response time Minimize withi
Vari . Minimize within
ariance Minimize mean
Menu structure Depth Breadth
Path process Overall screen C -
density Minimize Maximize

Screen design is another aspect of humanizing software. Stahl recommends the

following guidelines in the design of screens which support user friendliness. (Stahl,
1986, p. 60).

« Do not crowd the screen. "Good screens look good.”

» Use highlighting, blinking, and reverse video sparingly. Overuse will lead to
operator fatigue.
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» Use color sparingly. Color is an appealing and proven way to enhance
computer input. The following foreground/background screen combinations are
listed in order of legibility, from the most legible to the least legible (lves,
1982, pp.15-47).

MOST LEGIBLE Black on Yellow
Green on White
Blue on White
White on Blue
Yellow on Black
White on Red
White on Orange
White on Black
Red on Yellow
Green on Red
Red on Green

LEAST LEGIBLE Blue on Red

e Limit the amount of information on each screen to what is necessary. Do not
force the user to remember things from one screen to the next.

* Minimize key strokes.
+ Minimize cursor movement.

» Show the maximum permissible length of an input field with underscores,
highlighting, or brackets.

« Keep the screen consistent with paper input forms. Although all information
from the paper formm may not need to be entered on the screen, the screen
should follow the general flow of information on the paper form. (Kendall and
Kendall, 1988, p. 484).

Messages to the user, an essential element in user friendly screens, should
be: (1) consistently positioned, (2) short, meaningful, common and fully spelled out,
(3) affirmative, (4) in the active voice, and (5) in the temporal sequence of events.
(Galitz, 1983, p. 9).

Another aspect of interface design is the design of menus. The user should

be able to identify which transactions are available through a series of logically related




and relevant events common to a menu screen. The menu screens for the DFPCM
information systems are depicted in the following sections by the use of Menu
Hierarchy Charts.
2. Standard Interface Designs
Understanding the importance of a good user interface, we designed a set
of standard interfaces for getting user input and for displaying output on the screen for
each of the systems. The following sections describe the standard input and output
designs which are applicable to all of the systems. Within the detailed requirements
for each system, we present a specific description of the data required for the inputs
and outputs related to that system. Appendix A, the Data Dictionary, contains detailed
information about the data structure of the system’s databases.
a. Input Screens

The majority of the input screens were generated with a commercially
available database screen generator. The screen generator displays the available fields
from the database in use and allows the analyst to load and position the desired fields
onto the screen to create a functional input format. The program which generates this
screen is saved and called into use whenever the user selects an input option from one
of the menu systems. Appendix B is the program listing of all of the format screens
for the DFPCM information system.

The screen generator allows the system designer to easily load and
manipulate the necessary input fields to create good user interfaces. The screen
formats are easy to change to suit the user’s requirements, making the generator an

invaluable tool when prototyping the requirements analysis. Examples of each of the
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input screens designed are included with the detailed requirements analysis for each
system, with a description of the necessary input fields.

Other standard input screens are those used to accept input from the
user necessary for identifying further processing requirements, such as the year and
month for a desired report or a person’s identification number for updating his or her
personal information. These screens are created with programming commands which
identify where the prompts and input blocks appear and any other information needed
on the screen. An example of these interactive screens is shown in Figure 22. Where
possible, we have designed these screens to position prompts, input blocks, and
instructions in the same locations and with similar terminology. Whenever the user is
asked to input a coded response, e.g., the Section Code shown in the example, he or
she should be allowed to view a help screen showing the valid codes for that particular

item, e.g., FPC = Family Practice Clinic.

Enter the Year for report:; B9
Enter the Month for report: 10

Enter the Clinic section code for report: FPC

Figure 22. Sample Interactive Input Screen
b. Review Screens
In many of the system menus, there is an option for reviewing database
information on the screen. The review screens are easily created with commerciaily

available database software (e.g., DBASE MI+) by using a programming command and
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specifying the fields desired for display. An example of a typical review screen used

in the DFPCM information system is shown below.

APC  DESCRIPTION SECT CODE POC TELEPHONE
W357 FAM PRAC CLINIC FPC TURNER 8888888
W358 CTMC-FPC CFP SHAW 7777777
W360 EMERGENCY MED EMS BLAKE 6666666

The field names are printed across the top of the screen, in the order given in the
program command. The specified fields for each applicable record are displayed
beneath the corresponding field title. The analyst can program the review screen to
allow the user to change certain data or prevent the user from making any changes
while reviewing the database information. Review screens used throughout the system
are similar in format. The specific fields required for display for each review are
described within the detailed requirements for the applicable system. As with
generated screen inputs, analysts can easily update review screens to meet user
requirements during prototyping.
3. Requirement Analysis Constraints

The detailed analyses which follow describe the data structures, menus,
inputs, outputs, and user interactions for each of the systems under consideration.
Many of the tables and graphs produced by the systems require extensive data
manipulations and in some cases, interaction with more than one software package.
The design of the detailed programming for these data manipulations and extractions
is beyond the scope of this thesis and is therefore not included in the detailed system
requirements. The output examples were generated using sample data similar to that

which would be extracted from the database. Where applicable, the program listings
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for each system contain comment statemnents indicating where data manipulations and
report generation would have to occur to produce the desired output. Within the
system requirements is a detailed description of the data elements necessary to create
the outputs. The actual method of output generation will depend on the software
packages used. For example, if the database software has graphing capability, the
graphs can be generated internally from the existing data. If not, the data will have
to be moved to a separate graphics software package to produce the desired graphs.
These software specific constraints are not included as part of the requirements analysis
but would have to be considered further in the development life cycle, once the design

and software selections have taken place.

D. DETAILED REQUIREMENTS
1. Budget Information System (see Program, Appendix C)

Figure 23, a user concept diagram, gives a picture of the components of the
new budget information system. The user concept diagram, as discussed in the previous
section, allowed us to give the Department Chief a general picture of the new
requirements necessary for the budget information system.

a. Data Structures

To successfully meet the needs of the Department Chief, the data
structure for the budget system was designed to provide maximum flexibility in data
retrieval and analysis. Each database was designed to represent a portion of the budget
process, e.g., the receipt of the quarter’s budget allocations or the receipt of the
section’s expenditures as reported in the month end report. Figure 24 represents how

each database relates with the other databases in the budget information system.
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Figure 23. Budget Information System User Concept Diagram

The structure of the data fields facilitates the combination of databases
through the use of relationships among the key fields between the databases. The key
field identified throughout the budget databases is the Account Processing Code (APC)
which is used within the hospital for financial accounting purposes.

The APC database contains the following data fields:

e Account Processing Code. Hospital-wide funding code.

» Section Description. This is the specific department name associated with a
particular APC code.

* Section Code. This field was designed to represent the true organizational
structure of the department. It allows the system to interrelate sections along
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organizational lines versus the artificial budgetary lines necessitated by the
APC funding codes. This convention allows other subsystems of the DFPCM
information system to relate budgetary information along the same command
lines, such as is necessary in the Productivity system. The codes used in this
field include:

DEP Department Headquarters

FPC Family Practice Clinic, Main Hospital
CFP Family Practice Clinic, Troop Clinic
GOC General Outpatient Clinic

EMS Emergency Medical Services

POM Presidio of Monterey Health Clinic
CTM  Consolidated Troop Medical Clinic
FHL Fort Hunter Liggett Clinic

AMB Ambulance Section

FSO Flight Surgeon Office

Point of Contact for budget matters within the section.
Telephone Number. Self Explanatory.
Status Code. A system code, either "A" for active, or "I" for inactive. This
code is needed to allow APCs which are no longer in use (identified by an
I) to continue to be linked with budget data to maintain long term historical
APC information. The APC code, once entered into the system, is never
deleted. Only active APCs (coded A) are displayed when a user requests an
APC listing.

The APC Allocation Database contains the following fields:
APC code. Described above.
Fiscal Year (FY).
Quarter. The quarter of the given fiscal year.

Allocation; The funds allocation for the APC in the first field further
delineated by the Fiscal Year and Quarter fields.

The APC Monthly Expenditure Database contains the following fields:
APC code, as described earlier.

Fiscal Year of expenditure.
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* Month of expenditure.

¢ Quarter of expenditure, computed from the month field, i.e., if month is 10,
quarter is 1.

» Expenditure for the month.

APC INFORMATION DATABASE

Account Section Sectien Polint Telephone APC
Processing Description Code of Number Status
Code Contact Code
ALLOCATION DATAEASE
Account Fiscal Quarter Funds
Processing Year Allocated
Code {Allocations)
" L] *
*  d -
t ] * *
* * L 4
Account Fiscal Quarter Funds
Proceasing Year Expended
Code (Expenditures)

MONTHLY EXPENDITURE DATABASE

Figure 24. Budget Information System Data Structures
b. Data Inputs
The user will be required to maintain the databases discussed above
through three database interfaces. The three interfaces are:
e Enter or delete quarterly allocations.
* Enter or delete monthly expenditures for each section.
* Enter or change the status of a section’s APC information.

The menu hierarchy chart is depicted in Figure 25. As discussed in the
previous section of this chapter, the user is required to enter the fiscal year to limit the
database search. If necessary, the month or quarter within the selected fiscal year is
also entered. These entries are standardized as discussed in Section C, General

Requirements. All entries within a particular menu cycle are restricted to the user’s




chosen fiscal year. This restriction is desired because most data entries will require the
same fiscal year since the user usually works in one fiscal year at a time. To change
fiscal year while working in the selected menu, the user must return to the main menu
and enter the new fiscal year when prompted. The entries within the selected menu
cycle are limited to the chosen fiscal year so the user does not have to re-enter the
fiscal year for each additional expenditure or similar input.

In the cases where the APC is entered by the user, the system verifies
the code entered against the active APC information database and, if the APC is found,

confirms the user’s choice with the following screen.

Section: NG Section Code: il
Point of Contact: NSNS  Telephone: NN

This confirmation prevents the entry of either a wrong or inappropriate APCs that
would destroy the integrity of the allocation and expenditure databases. If the APC is
not found, an appropriate warning is issued to the user and he or she is allowed to
try again.

Figure 26 is a picture of the user input screen used for the entry and
deletion of a quarter’s budget allocation for a given APC. The fiscal year, APC, and
quarter have already been entered by the user and will appear on the input screen.
This screen is modified when used in the deletion process by the addition of a
comment, Delete this Record? (Y/N) |J, at the bottom of the screen.

Figure 27 depicts the user input screen that allows the user to enter the
monthly expenditures for a particular APC. As discussed previously, the user can only

enter the actual allocation for the month. The month and APC have already been
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Figure 25. Budget Information System Menu Hierarchy Chart
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entered and verified to be correct. This format, modified like the quarterly format, is

also used for verification prior to the deletion of a record.

Enter the Quarterly Allocations -
for
Fiscal Year 89

Quarter 1

APC Code w140

aAllocation [N B

Figure 26. Quarterly Budget Allocation Input Screen

Enter the Monthly Expenditure

AFC Code W-156

Month 10

;

Figure 27. Monthly Expenditure Input Screen

Figure 28 depicts the user input screen that allows the user to enter or
change an APC. The entry of a new APC is preceded by verification that the APC
requested is not in the current database. If the requested APC is found in the existing
database, the user is wamed and allowed to try again. The user is not allowed to
reenter the APC once the screen in Figure 28 is presented. This prevents redundancy
in data entry and keeps the user from circumventing the duplicate APC check
procedure. The section codes are displayed on the screen to facilitate user entries.

Inactivation of the APC is allowed when the user is prompted with "Do yvou wish to




put this APC into inactive status? (Y/N) | ". If the user wants to change a
particular APC’s status code to inactive, the APC record is automatically annotated
with the new status code. Activation to an active status is automatic when the user first

enters a new APC.

APC Code Entered -> W-140

section GGG section Code W
Point of Contact (NN
Telephone Number (D ST

-—
SECTION CODES

Family Practice Clinic FFC Consolidated Troop Clinic CTM™

General OutPatient Clinic GOC Fort Hunter Liggett Clinic FHL

CTMC-Family Practice CFFP Ambulance Section AMB

Emergency Medical Service EMS Flight Surgeon Office FsSO

Presidio of Monterey POM Department DEF

Figure 28. APC Information Input Screen
¢. Outputs

Outputs are divided into tv;ro general categories. Review screens
(discussed in Section B of this chapter) and pre-formated reports. The three general
review screens presented to the user are depicted in the menu hierarchy chart in Figure
25 as the menu options either to review allocations, expenditures, or all of the APC
information. Each review option provides the user with the generic review display
as described in Section B of this chapter. The data fields presented in each case are
the complete data fields of the respective active database.

(1) Moﬁth]y Budget Expenditure Report. Figure 29 is an illustration
of the monthly budget expenditure report. This report serves as the Department Chief’s

indicator of the month to month status of the department’s budget. This report is
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critical to the monitoring of the section’s compliance with the department’s budget.
This report is also provided to the section chiefs for the same reason.

The user is prompted to enter the fiscal year and month desired
prior to the output of this report. The databases and appropriate fields necessary to
create the repornt are listed below.

* APC, extracted from the Monthly expenditure database.

* Section Description. This information is obtained from the combination of the
APC database with the Monthly Expenditure database to obtain the title for
each APC in the monthly expenditure database.

e Allocation for the quarter. The APC’s allocation figure from the allocation
database is combined with the monthly expenditure database for the selected

fiscal year and quarter.

« Expenditures for the month. This data 1s derived for each APC from the
monthly expenditures database.

The following numbered items, which clarify the calculated fields
within the report, correspond with the numbers in Figure 29.
1 This is the fiscal year of the report.

2 This is the month of the report. The numerical month requested is converted
to the name of the month, i.e., month 10 becomes October.

3 Quarter of the report.

4 Report date provided by the system.

S Spent for Quarter. This field is calculated by summing all the monthly
expenditures for the specified quarter. For instance, if the monthly report is for
November, the system searches the monthly expenditure database and finds all

expenditures for the first quarter’s months; October, November, and December.
(Note: in this example, December’s expenditures would be zero.)
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N Department of Family Practice
‘/(\2) Monthly Expenditure Report 1
@‘chth JuLy Fiscal Year 89
Quarter 3 Report Date 7/20/89
APC INFORMATION QUARTER MONTH \

APC SECTION ALLOCATED SPENT "' PERCENT FUNDS SPENT **i PERCENT
SPENT PER MONTR SPENT
W140 'PRIMARY CARE 4000.00  3000.00 75 % 1333.33 36.36 03 %
w357  FAM PRAC CL 9000.00  9500.00 ** 106 & 3000.00 3100.00 v 103 &
W360 EMERG MED SERVICE 30000.00  5000.00 17 s 10000.00 1100:.00 we 110 &

® ® & 4

S
[_ DEPARTMENT TOTALS J43000.00 T 17500.00 J 41 & T 14333.33 I 14136.36 I 99 & I

** Indicates an overexpenditure of fuads.

Figure 29. Monthly Budget Expenditure Report
6 Flag Field. This field prints a "**" if the amount spent for the quarter or
month exceeds the amount allocated for the quarter or month (see Note 8 below).
This flag serves as a visual indicator to the reader and highlights probable
problem areas.
7 Percent Spent for Quarter. This field is computed by dividing the amount
expended so far in the quarter (as determined in Note 5 above) by the allocation
tcr the quarter.

8 Funds per Month. This amount is computed by dividing the quartcrly
allocations by three to provide monthly allocations for the sections.

9 Percent Spent for Month. This field is computed by dividing the amount
expended during the month in question by the Funds per Month (explained in
Note 8 above).

(2) Quarterly Report. Figure 30 is an illustration of the quarterly
budget expenditure report. This report serves as the Department Chief’s indicator of the
status of funds for the selected quarter. This report, like the monthly report, is critical
in allowing the Department Chief to monitor the sections’ compliance with the

department’s budget. This report is alsn provided to the section chiefs for the same

reason.
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The quarterly report is designed to closely resemble the monthly
report. This report remains in the same format as the monthly report, but excludes all
the fields relating to monthly expenditures.

The user is prompted to enter the fiscal year and the quarter desired
prior to the output of this report. The fields required for each record are the same as

described in Subsection (1) on the monthly budget expenditure report.

Department of Family Practice
Quarterly Expenditure Report L,’/’ 1::)
Montn JULY Fiscal Year 89 &
lguarter 3 Report Date 5’/-5/§§‘~L\\~/~3
2 . APC INFORMATION QUARTER @,
APC SECTION ALLOCATED SPENT *+*| PERCENT
SFENT
w140 PRIMARY CARE 4000.00 3000.00 75 %
w257 FAM PRAC CL 9000.00 9500.00 ** 106 %
W360 EMERG MED SERVICE 30000.00 5000.00 17 %

[ DEPARTMENT TOTALS H 43000.00 I 17500.0044] 41 % n

** Indicates an overexpenditure of funds.

Figure 30. Quarterly Budget Report
The following numbered items, which clarify the calcuiated fields
within the report, correspond to the numbers in Figure 30.
1 This is the Fiscal Year of the report.
2 This is the quarter of the report.
3 Report date provided by the system.
4 Spent for Quarter. This field is calculated by summing all the monthly

expenditures for the requested quarter. For instance, the system searches the
monthly expenditure database and finds all expenditures for the selected quarter’s

months, for each APC.
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5 Flag Field. This field prints a "**" if the amount spent for the quarter exceeds
the amount allocated for the quarter. This flag serves as a visual indicator to the
reader and highlights probable problem areas.

6 Percent Spent for Quarter. This field is computed by dividing the amount
expended so far in the quarter (as described in Note 4 above) by the allocation
for the quarter. This process is repeated for each APC.

(3) Fiscal Year Allocation Report. Figure 31 is a representation of
the Fiscal Year Allocation Report. This report shows the allocation for each APC for
each quarter in the user selected fiscal year. This report also shows the percent change
between the previous fiscal year’s allocation and the selected fiscal year’s allocation.
This report provides the Chief with a quick look at the relative allocations for each of

his sections compared with fund allocations from the previous fiscal year.

FISCAL YEAR ALLOCATION REPORT
EY 89

DEPARTMENT OF FAMILY PRACTICE &

/3\ COMMUNIZY MEDICINE (TDAL
\-N 11 MAR 89

ALLOCATION ALLOCATION TOTAL FOR
QUARTER 3 CRANGE QUARTER 4 CRANGE FISCAL YR CHANGE

o RSN Y

QUARTER 1

e

CBANGE

QUARTER 2 \ CHANGE

W1l42 PRIMARY CARE 1000.00 $16.00 518,00 2%$50.00
Wl4s C, FAM PRAC 8000.00 2000.00 2000.00 2000.00 14000.00
W357 FAM PRAC CLINIC 14000.00 -0.11 8000.00 =-0.50 8000.00 =0.50 8000.00 =-0.50 38000.00 <0.40
w358 CTMS-FPC 10000.00 1.77 60